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I. InrrRopDvUcTION. 


THE ammonites dealt with in this paper are characteristic of the 
uppermost zones of the Lower Lias (Charmouthian), and they are 
of three general types, namely :— 


(1) A capricorn form, evolute slender whorls (serpenticone) with stout: 
simple ribs. 

(2) An involute form with swollen whorls (sphzrocone), bituberculate, 
generally known as A. striatus or A. bechei. 

(3) A form intermediate between these two, with capricorn inner whorls, 
the outer whorl swollen, with more numerous slender ribs bearing 
two rows of tubercles (usually known as A. heterogenes). 


In order to name some ammonites collected at Lincoln, appa- 
rently similar to those called A. striatus, the relationships of these 
types were studied; it presently became clear that the classification 
of these ammonites, and the correlation of the beds in which they 
occur, needed to be considerably revised, and that such a revision 
must be preceded by an investigation of all available ammonites 
composing the family Liparoceratide. With this in view, a large 
number of these fossils was collected from practically all the 
English exposures, their precise horizons were noted, and develop- 
mental and sutural evidence was examined. The present paper 
includes the main results of this work. Several new specific names 
are proposed, but only where this is necessary to define a series: 
future work may show that many of the intermediate forms 
mentioned must also receive separate names, but, as this paper is 
mainly concerned with establishing the lineages and their geological 
ranges, minute description of species has not been undertaken. 

In the course of this investigation much assistance has been 
received from other workers. Dr. W. D. Lang kindly placed at 


Q. J.G.S. No. 296. x 


{ 
248 DR. A. E. TRUEMAN ON THE (vol. Ixxiv, 


my disposal his carefully collected material from the Dorset cliffs, 
while other specimens have been lent by Mr. S. 8. Buckman, 
Mr. L. Richardson, Mr. J. W. Tutcher, and Mr. C. H. Watson. 

Mr. C. P. Chatwin directed my attention to the Napton 
(Warwickshire) exposure, and this led to the discovery of an 
important series of ammonites. 

For permission to examine material, and for assistance while 
working in the various museums, I am indebted to Mr. G. W. 
Lamplugh and Mr. H. A. Allen (Jermyn Street Museum), Dr. A. 
Smith Woodward and the late Mr. G. C. Crick ( British Museum— 
Natural History), Mr. E. E. Lowe (Leicester), Mr. A. Smith 
(Lincoln), Prof. J. W. Carr (Nottingham), Mr. T. Woodhouse 
Parkinson (Whitby), Mr. 8. E. Harrison (Cheltenham), and 
Mr. H. Woods (Sedgwick Museum, Cambridge). | 

In ‘the field, help has been given by Mr. W. E. Howarth 
(in Lincolnshire and Yorkshire), by Mr. J. T. Sewell (Whitby), 
Mr. J. W. Gray (Cheltenham), and Mr. C. H. Watson (Napton). 

Prof. T. F. Sibly kindly read my manuscript, and offered various 
suggestions ; while Prof. G. Norwood and Mr. C. Brett have helped 
with the nomenclature. 

My special thanks are due to Prof. H. H. Swinnerton for his 
continued advice and encouragement, and to Mr. 8. 8. Buckman 
for the help that he has so readily given in numerous ways. 


ll. Hisroricat Noress. 


Early in the last century Sowerby figured two ammonites which 
he called Ammonites henleyt and A. bechet, while Reinecke 
described a somewhat similar form as A. striatus. While these 
species are in themselves quite distinct when fully understood, 
there are so many apparently intermediate stages that it is not 
surprising that confusion quickly arose in the use of the names. 

Thus A. d’Orbigny’s A. henleyi (8,! pl. Ixxxiii) is an ammonite 
which I consider to be closely related to those forms that have 
been called A. striatus Reinecke, while A. henleyi Reyneés? is 
unlike any English fossil that I have seen. Similarly, a number 
of the specimens figured by Quenstedt (4, pl. xxix). are allied to 
A. nautiliformis J. Buckman, a member of quite a different series. 

The naming of the capricorn ammonites presented similar diffi- 
culties: for, until the different species are closely compared, they 
appear to be very similar. The three best-known species are 
A. capricornus Schlotheim, A. latecosta Sowerby, and A. macu- 
latus Young & Bird; the first name has been most frequently 
used. E. F.Schlotheim? in describing this species gave no figure, 


1 These numbers in parentheses refer to the List of Literature, § VIII, 
. 293. 
2 P. Reynés, ‘ Essai de Géologie & de Paléontologie Aveyronnaises’ 1868, 
p. 88 & pl. i, figs. 2a-2b. Compare Afgoceras spoliatum, K. Futterer, ‘ Die 
Ammoniten des Mittleren Lias von (stringen’ Mitt. Bad. Geol. Landesanst. 
vol. ii (1898) pl. x, fig. 1. 
3 «Die Petrefactenkunde’ 1820, p. 71. 
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and, although Schleenbach has more recently studied the type- 
specimens,! it is still uncertain precisely which species is covered 
by the name A. capricornus, and for the present it is perhaps 
better not to use the name. When the name 4. maculatus has 
been employed it has nearly always been misapplied, as, for example, 
by Wright and Quenstedt; while the term A. latecosta, which 
covers a species that is related to many of our English capricorns, 
has until lately been very little used. 

All the above-mentioned writers, while they often figured sutures 
of these ammonites, made no use of the suture as a means of 
identification. EF. von Hauer,? who described another capricorn 
in 1854, pointed out the features in its suture by which it might 
be distinguished from the ammonites that it resembled. Apparently 
his remarks have hitherto been overlooked. 

In 1867 Hyatt proposed the three genera Microceras, Andro- 
—gynoceras, and Liparoceras, to include respectively the capricorn 
ammonites, the ammonites of the heterogenes-type, and those of 
the striatus-type. Such an arrangement made generic identifica- 
tion simple, since each genus was comparatively distinct. Wright 
concluded, however, from a study of these fossils, that 4. henleyi 
was descended from a capricorn form, A. latecosta, and similarly 
that A. heterogenes had inner whorls resembling those of -A. capri- 
cornus (8, p. 370). That is to say, Wright recognized two genetic 
series, each of which included capricorn and heter ogenes-like forms. 
While Wright also noted that the outer whorl of A. heterogenes 
resembled A. strzatus, he did not suggest that this latter ammonite 
was a further advance along the same line of descent, because 
the inner whorls of A. striatus show no trace of capricorn orna- 
mentation. E. Haug? also noticed the smooth inner whorls of 
A. striatus, and suggested that they resembled 4. globosus; still 
more recently Prof. J. Perrin Smith has included A. bechei and 
similar species with the Polymorphine, separating them from the 
remainder of the Liparoceratid, presumably for the same reason. 

Mr. 8.8. Buckman suggested, however, in 1891,° that ammonites 
_of the A.-striatus type are descended from capricorn ammonites, 
the capricorn style of ornamentation being omitted in the develop- 
ment of advanced members of the series as the quickest method of 
producing shells of globose form. ‘This conclusion is supported by 
the details to be given later. Mr. Buckman accordingly revised 


1 Schleenbach studied Schlotheim’s type-specimens of A. capricornus, and 
said that they were identical with A. maculatus Quenstedt. See U. Schloen- 
bach, ‘ Ueber den Hisenstein des Mittleren Lias, &c.’ Zeitschr. Deutsch. Geol. 
Gesellsch. vol. xv (1863) p. 465; but this is not sufficiently definite to be of 
~ value. 

2 ‘ Beitrage zur Kenntniss der Capricornier der @sterreichischen Alpen ’ 
. Sitzungsb. K. Akad. Wissensch. Wien, vol. xiii (1854) p. 94. 

3 ¢ Ueber die Polymorphide, &c.’ Neues Jahrb. vol. ii (1887) p.103. 

4 J. P. Smith in Eastman-Zittel, ‘ Text-book of Paleontology’ 2nd ed. vol.i 
» (1912) p. 67. 

5 §.S. Buckman, ‘Monograph of the Inferior Oolite Ammonites’ Paleont. 
. Soe. p. 289 (footnote). 

x2 
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Hyatt’s genera to express this interpretation, and limited each 
generic name toa series which evolves from capricorn to bituber- 
culate spherocone (1, vol. i, p. 277). That is to say, those generic: 
names which were formerly applied to morphic equivalents on 
several lineages were made to include the heteromorphic stages of 
phylogenetic series.. df£?croceras was applied to an earlier series, 
while Androgynoceras and Liparoceras were limited to series of 
those ammonites that have respectively elevated and. depressed 
whorls. Ata later date A. Hyatt! used the name » Amblycocen "as 
to include certain capricorns ; the specimen then figured i is, peculiar: 
in having cost with a slight peripheral curve, and Mr. Buckman 
proposes to restrict the name for such a series.” Oistoceras was. 
suggested for capricorns in which the ribs have a very distinct 
bend on the periphery, more marked than that shown by Ambly- 
coceras (1, vol. i, p. zv). 

Recognizing that there exists at least another series of ammonites. 
passing through comparable stages, Mr. Buckman used Waagen’s. 
name Aigoceras * to indicate them, including here A. nawtiliformis- 
J. Buckman, which had frequently been confused with A. bechez, 
but from this it is separated by a very considerable time-interval 
(1, vol. 1,.p. 222). 

Summarizing, then, the existing classification of these ammonites, 
we find the following genera in use: 


Liparoceras—Depressed forms with coarse ornamentation. 
Genotype selected by Mr. Buckman: A. striatus Bronn, non Reinecke. . 


Androgynoceras—- Elevated whorl, finer ornamentation. 

Employed to include A. maculatus Young & Bird, A. heterogenes 
Young & Bird, A. bechet Sowerby, A. henleyt Sowerby, and many 
English capricorns. 

Genotype selected by Mr. Buckman: A. hybrida A. d’Orbigny. 

Amblycoceras—Capricorns only hitherto described, with slight peripheral 
rib-curve. ‘Not otherwise defined. 


Oistoceras—A. series with marked rib-curve on the venter. 
Genotype, A. Jigulinus Simpson. Capricorn stage only known. 
A goceras—Includes eapricorns believed to lead to A. nautiliformis : 


J. Buckman. 
Genotype, Abunbeoiastove planicosta (=capricornus) A. d’ ‘Orbigny. 


In constructing the above-named genera little attention has been. 
paid to any characters, except whorl-shape and ornamentation ; 
the sutures have not been compared, and the less obvious details. 
of ontogeny have not been examined. Thus the characters hitherto 
described are not sufficient to identify a single genus with any 
certainty ; indeed, the species referred to certain genera are in no. 


1 In Eastman-Zittel, ‘Text-book of Paleontology’ Ist ed. vol. i (1900). 
p. 578. 

2 §.S. Buckman in ‘Geology of the Country between Whitby & Scar-. 
borough’ Mem. Geol. Surv. 2nd ed. (1915) p. 95. 

3 W. Waagen, ‘ Die Formenreihe des Ammonites subradiatus’ 1869, p. 247.. 
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way related. It is, therefore, necessary to revise the generic 
classification. 

Each genus, as has been shown, includes ammonites of’ very 
different appearance, ranging from capricorn evolute forms to 
bitubereulate involute forms; in constructing the revised classifi- 
cation offered here, the affinities of the various members of the 
genera have been ascertained by the establishment of continuous 
series of forms only separated by small differences attributable to 
accelerated development. Further, the sutures of each of these 
series have a number of features in common, and these constitute 
the readiest means of identification. 


Ill. SrrarieraPpuHican Nores. 


The time-ranges of these ammonite lineages are of importance 
to the stratigraphical geologist, for the ammonites of this group 
are dominant in the upper part of the Lower Lias, where it has 
been usual to recognize a capricornus zone overlying a henley? or 
striatus zone. But it is quite clear that the stréatus-like forms 
are descended from capricorn ammonites, and such a conclusion 
ean only be reconciled with the facts of stratigraphy by supposing 
that there were below the sftatws zone capricorns which gave 
rise to the involute forms of that horizon, and it is also probable 
that involute forms have evolved from the capricorns of the capri- 
cornus zone. Such capricorns of pre-stviatus age, and involute 
forms of post-capricornus age, will be described from Napton ° 
(Warwickshire) and Lincoln respectively. 

Until late years it has been supposed that almost all the s¢rzatws- 
like forms occurred in the so-called ‘ striatus zone.’ Recently, 
however, Dr. W. D. Lang! has carefully collected Liassic 
ammonites in the cliffs of Dorset with reference to their precise 
position. From a study of his specimens it appears that these 
forms occur at several distinct horizons, as follows :— 


nest a Involute ammonites (of the ? A. nautiliformis group). 

zone. 

( Oistoceras { Capricorn ammonites (Oistoceras) and involute ammon- 

| sub-zone. ites similar to A. bechet. 

posses, ip b ot Involute ammonites similar to A. henleyi. 
. | b ” . 

L fy gat { Capricorn ammonites of the A. latwcosta group. 

Capricorn ammonites of the Beaniceras series (see 
ibex zone. p. 268). 

Involute ammonites of the Liparoceras series. 


It will be noticed that involute ammonites of the Liparoceras 
series are only to be found in the upper part of the zbex zone, 


1 ¢The Geology of the Charmouth Cliffs, &c. ’ Proc. Geol. Assoc. vol. xxv 
(1914) p. 293; ‘The Ibea Zone at Charmouth, &c.’ ibid. vol. xxviii (1917) 
p. dl. 
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while involute forms of the henleyi and bechet series occur 
respectively in the Liparoceras! and Oistoceras sub-zones of the 
zone of Deroceras davet. 

Around Cheltenham, beds with striatus-like forms are succeeded 
by beds with capricorns, these being immediately below the Middle 
Lias (Marlstone Series) of the district, and this has been accepted 
as the normal sequence. The st¢zatws-like ammonites, however, 
are of the Liparoceras series, and are similar to those found in the 
upper part of the zbex zone of Dorset. Since no higher horizon 
with involute Liparoceratids has been detected in South Gloucester- 
shire, it is extremely probable that most of the dave@i-zone is not 
represented there. Further, some of the capricorn ammonites of 
the Cheltenham district are similar to those found in the late- 
costa sub-zone of Dorset, while others are of a different type, and 
probably indicate a horizon that is not represented in Dorset.? 

At Napton-on-the-Hill (Warwickshire), at Dumbleton, and in 
some other parts of Gloucestershire, lower beds are present, con- 
taining capricorn ammonites of the Liparoceras series, of which 
involute forms only are known in Dorset. As the Napton pit was 
not in work at the time of my visits no thicknesses can, with any 
certainty; be assigned to these beds. The following general suc- 
cession was determined :— . 


margaritatus : hoe 
FE { Middle Lias. 


ltatzcosta ? : : 
be TY { Beds with capricorn ammonites of the A. latxcosta group. 
(Beds with capricorn ammonites of another series (Beani-- 


ceras). 
‘Beds with involute Liparoceras (L. obtusinodum and other 


abex zone. spp.). 
Beds with capricorns of the Liparoceras series. 


Beds with Acanthopleuroceras valdani. 
| Beds with Tragophylloceras ibea. 


The succession at Dumbleton is probably very similar (see. 
Table I). At Radstock (Somerset) bituberculate sphzrocones of 
a different type occur at a still lower horizon: namely, the valdani 
zone, and it is therefore probable that another group of capricorns. 
will be found below this level. 7 

South of Lincoln the upper part of the Lower Lias is again 
exposed, and the O%stoceras and dedalicosta sub-zones, which 
are presumably absent in Gloucestershire and Warwickshire, are. 
represented by thin but very fossiliferous deposits. Fossils of the 
Oistoceras sub-zone may also be found in the lowest beds of the 


1 This is an unfortunate name, since by Liparoceras were meant involute. 
ammonites of the henleyi series, which are here assigned to Androgynoceras, 
while Liparoceras is confined to lower beds. The name dedalicosta sub-zone.- | 
is here proposed to take the place of Dr. Lang’s Liparoceras sub-zone. 

* See S. S. Buckman, ‘ Jurassic Chronology: I. Lias’ Q.J.G.S. vol. lxxiii 
(1917-18) p. 264. 
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Middle Lias near Lincoln, and among them are bituberculate 
developments of Ozstoceras (7, p. 104). : 

- There are, therefore, not less than six widely-separated horizons 
with striatus-like forms, alternating with beds containing the > 
different capricorn ammonites from which they have respectively 
evolved. Details of the correlation are given in Table 1; the 
hemeral terms given for comparison are those recently proposed by 
Mr. 8. S. Buckman, to whom I am indebted for the loan of his 


TaBLE I, showing the chief areas where Liparoceratid 
horizons are developed. 


Cheltenham| Warwickshire 4 . 
Hemeral Terms Dorset Yorkshire Zones Ranges of Genera 
(MIDDLE LIAS ; 
with Liparoceratids) margaritatus zone 
. | 


Oistoceras 


i ras x : 
Oistoceras ara | : 
i ' 
A > | ' ‘ 
1 ' 
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[The hemeral terms used are mainly those proposed by Mr. 8. 8. Buckman 
in Q. J. G.S, vol. lxxiii (1917-18) pp. 264-266. | 
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notes on the correlation of these beds. The corresponding sub- 
zones are also shown. It must be borne in mind that an under- 
standing of the relationships of the ammonites is only possible 
when their horizons are accurately known; the details of the 
ammonite succession within the sub-zones must, therefore, be 
studied. The best time-scale is obviously supplied by a sequence 
of forms which are genetically connected, but a time-scale based 
on an evolutionary series (or a number of such series) cannot 
readily be constructed for the Liassic rocks of England, because, 
except within small limits, the ammonites of the Lias did not evolve 
here, our faunas probably representing successive immigrations. 
Consequently, an ideal correlation is not at present possible. 


Amblycoceras --- 
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IV. GENERAL EVOLUTION. 


It is shown in the preceding notes that in the upper zones of 
the Lower Lias occur ammonites of several genera, which evolve 
from slender capricorns with stout ribs to involute bituberculate 
forms with swollen globose whorls, and that the morphic equiv- 
alents on separate lines of descent are so similar in certain cases 
as to present some difficulty in identification, unless sutural and 
other minute characters are taken into consideration. Further, 
the several series are not quite contemporaneous, morphic equiva- 
lents of different genera occurring at considerable intervals, and 
thus the precise geological age of one of these ammonites can only 
be determined when its lineage is known. It will be convenient 
now to consider the general trend of evolution in the characters 
which are common to all the series. 

Early capricorns of this family show lateral ribbing at a 
diameter of 3 mm. or thereabouts, no ribs being present on the 
periphery until much later. In more advanced capricorns, how- 
ever, the ribs appear, by tachygenesis, at about the diameter of 
2 mm. : 

In the latter forms, at a diameter of about 100 mm., the ribs of 
the last whorl are frequently more widely-spaced, and may acquire 
small tubercles. In slightly later members of each series this 
condition is accompanied by a rapid expansion of the last whorl, 
the ribs becoming more slender and bearing paired tubercles; the 
ammonite is then of the heterogenes-type. The whorls are at 
first smooth and thick, become slender and only slightly embracing, 
later becoming stout again, the development of this latter condi- 
tion thus being indirect. From this point onwards the tendency 
in evolution is to shorten the period of slender costate whorls and 
to hurry on to the bituberculate condition. This is accomplished by 


(1) The acceleration of the development of the (secondary) swollen 
whorls, and of the bituberculation. 


(2) The prolongation of the stage of smooth and globose whorls. 


As a result, the stage of slender whorls with capricorn ornament 
is ultimately ‘skipped’ entirely in development. An example 
will make this clear. In specimen A, shown diagrammatically in 
Table II, capricorn ornamentation is developed at a diameter of 
2mm.,and the shell does not become bituberculate until a diameter 
of 90mm. Succeeding forms (B, C) retain the smooth globose 
whorls until diameters of 3 mm. and 5 mm. respectively, the bi- 
tuberculation commencing earlier in each; thus the length of 
whorl with capricorn ornament in successive specimens of a lineage 
gradually becomes shorter, until ultimately bituberculation appears 
without any previous capricorn stage (D, E). In the last- 
mentioned forms the primitive smooth condition is retained much 
longer than in the immediate ancestors. 

The occurrence of such a series of specimens on each of the 
lineages examined confirms the conclusion that the smooth inner 


whorls of the more advanced 
members are not an indication of 
different origin from the ammon- 
ites which pass through a capricorn 
stage ; this skipping of the capri- 
corn stage during development 
(saltative palingenesis) ! being 


E 


‘a compromise due to the necessity of 
attaining as perfect a condition as 
possible in as short a time as possible, 
for the sooner the adult condition is 
reached the sooner will the organism 
be able to reproduce its kind.’ * 


Owing to the method of origin 
of the tubercles as points on the 
ribs, they are at first necessarily 
arranged in pairs. When the 
whorl becomes swollen, however, 
the line of outer tnbercles is much 
longer than the line of inner tu- 
bercles ; in many series the number 
of outer tubercles progressively 
increases, until it may be double 
the number of the inner tubercles. 

From this stage, therefore, two 


MSs. 


‘nament stages of a series of five ammonites (A-K) 
C D 


e of imparinode for 


SD 
‘i distinct groups of Liparoceratid 
Ss ammonites may be recognized, 
8 namely :— 

= (1) An earlier group with tubercles 
3a paired in the globose stages 


(parinode forms). 


(2) A later group with tubercles un- 
paired in the globose stages 
(imparinode forms). 


Almost all British Liparocera- 
tids belong to the second group; 
Quenstedt’s figures show, however 
(4, pl. xxvii, figs. 16-23), that 
ammonites of the first group (A. - 
striatus parinodus) are of fairly 
common occurrence on the Conti- 
nent. In considering the second 
group it is often convenient to ex- 
press the ratio of outer to inner 
tubercles as a fraction, the ratio 


|The ‘skipping’ of the capricorn stage is Shown, but coiling stages are not shown. | 


TaBLe IIl.— Diagram illustrating the oi 


1 Since this paper was read Dr. W. D. Lang has suggested the term 
‘lipogenesis’ in place of saltative palingenesis (Proc. Geol. Assoc. vol. xxx, 
1919, p. 60). 

2 A. Dendy, ‘ Outlines of Evolutionary Biology ’ 2nd ed. (1912) p. 273. 

3 I have examined only nine British Liparoceratids in the sphzrocone stage 
with paired tubercles; these were collected at alow horizon at Radstock, 


‘Somerset (see p. 264), 
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generally increasing with more advanced forms; this constitutes a 
ready method of determining approximately the stage of advance- 
of any specimen. | 

It must be recognized that most Liparoceratids with unpaired. 
tubercles have paired tubercles in their early stages; but, with 
acceleration of development, the stage of unpaired tubercles is. 
reached earlier in successive members of a series (see Table II, 
D, E), and in very advanced forms the earliest ornamentation 
acquired may consist of unpaired tubercles, the outer row having: 
double the number of the inner. The beginning of catagenesis, 
on the other hand, may be shown by a decrease in the ratio of 
the number of outer to inner tubercles on the outer whorl. 

The following ornament stages may, therefore, be recognized in 
most lineages :— 


(a) Capricorn ribs, regularly increasing in number on successive whorls. 
(b) Capricorn ribs, widely spaced on the outer whorl. 


(c) Capricorn ribs widely spaced, bituberculation commencing ; prominent. 
striations between the ribs on the periphery. 

(d) Ribs more slender, bituberculate, tubercles paired; ribs dividing on 
the periphery. 

(e) Similar, but with tubercles unpaired. 

(f) Tubercles returning to the paired condition. 


The stages a to e are anagenetic; stage f is catagenetic. In 
the later stages of many sphzrocones also the tubercles are finer: 
than in the early stage, leading to great similarity in the several 
series (homeomorphy). Catagenetic ornament, however, is occa-. 
sionally seen in the old age ot various capricorns, which do not 
attain the tuberculate stage, but pass directly from anagenetic. 
costate to catagenetic subcostate and striate stages. 

Successive members of the series are likewise often characterized 
by increasing involution and by greater complexity of suture-line. 
Thus the simple sutures of a capricorn in any lineage are closely 
comparable with the early sutures of the forms which evolved from 
it, and with the septal sections of their adult septa.! 

Longitudinal striations appear to be developed in each of the 
series considered here, usually appearing first on the periphery soon 
after the whorls are swollen and bituberculate. In the young of 
advanced species, such as Liparoceras cheltiense, longitudinal stria- 
tions are developed ata diameter of 20mm. ‘The shell is rarely 
well-preserved, and thin sections do not show details of structure : 
the slight corrugation -of the outer shell-layer which gives rise to- 
the striate appearance is often due to the presence underneath it 
of sharply-defined parallel ridges varying in width, but rarely more. 
than *5 mm. across, and not more than 1 mm. apart (see 4, pl. xxix, 
fig.7 a). It is possible, however, that in some cases the underlying: 
ridges are not present, or are lost in subsequent development. 


1-H. H. Swinnerton & A. E. Trueman, ‘The Morphology & Development of | 
the Ammonite Septum’ Q.J.G.S. vol. [xxiii (1917-18) p. 26. 
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There are, therefore, five progressive characters which may be: 
used to determine the ceneer of any specimen in its series, 
namely :— 

(1) Ornamentation, progressing from smooth, and costate, to bitubercu-- 
late (paired) and possibly bituberculate (unpaired). 

(2) Whorl shape. 

(3) Involution. 

(4) Sutural complexity. 

(5) Development of longitudinal striations. 


Certain of these characters are acquired ata relatively earlier’ 
stage in some series than in others; thus the sutures of the capri- 
corns of Androgynoceras and Liparoceras are similar in degree of 
complexity, yet in the corresponding later forms the sutures of 
Liparoceras are much more complicated than those of specimens. 
of Androgynoceras showing similar involution and tubercle-ratio.. 
The differing associations of these characters will, therefore, be 
useful in determining the various lineages. 


V. SystEMATIC STUDY OF THE GENERA. 


While there are many features in the adult sutures which are 
common to all the genera, there are nevertheless some readily- 
distinguished sutural characters which make their identification. 
easy. Once the genus is accurately determined the species within. 
each genus are readily identified, for there is naturally much. 
greater outward similarity between the capricorns of two series. 
than between a capricorn and its later development in the same 
series—or, in other words, the chief difficulty lies in the distinction. 
of morphic equivalents. 

The sutures of the ammonites studied agree in having a deep. 
external lobe, divided by a median saddle which is usually very 
high and narrow; external saddles high, often divided into three 
very unequal folioles by two denticulations, that of the dorsal side 
frequently cutting deeply into the saddle. The first lateral lobe is. 
generally terminated by three lobules, sometimes asymmetrical. 
The first lateral saddle is narrow, and always smaller than the 
external saddle; the relatively simple auxiliaries are of variable 
number. 

The most useful characters in classification are : 


(1) The relative depths of the external and first lateral lobes. 
(2) The relative widths of the external saddle and of the first lateral lobe. 


The sutures of the chief genera are shown diagrammatically 
in fig. 1 (p. 258). 

It is found that species of Liparoceras have a wide first lateral 
lobe and a narrow external saddle, the first lateral lobe and the 
external lobe being about equal in depth (fig. 1a); the species 
which are at present referred to the genus Liparoceras all show 
these proportions. In addition 4. heterogenes, which was formerly 
placed with Androgynoceras (1, vol. i, no. 46), evidently belongs 


Fig. 1.— Outline sutures of the principal Liparoceratid genera. 
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to the genus Liparoceras; A. bechet and A. henleyi, which were. 
formerly placed together as species of Androgynoceras, have very 
different sutures, that of the latter resembling the genotype of 
- Aigoceras (fig. 1d), while it is necessary to establish a new genus 
to include the A. bechez series (fig. ib). The sutures of Amblyco- 
ceras are likewise very characteristic, having a first lateral lobe. 
much shallower than the external lobe (fig. 1 7 A 

A. nautiliformis, which Mr. Buckman inferred from strati- 
graphical and other evidence was the sphzerocone of the Aigoceras 
_ series, has a suture! which differs markedly from that of all other: 
British Liparoceratids, and resembles those of similar sphzrocones 
in the Swabian Jura (4, pl. xxix, figs. 4-6) and of certain capri- 
corns (as, for example, A. adnethicus and A. ferstli) also found on 
the Continent.? The suture of these ammonites has an external 
lobe much smaller than the first lateral lobe, the ventral lobules of ° 
which almost meet underneath the external lobe, a condition that 
recalls certain Deroceratids (fig. 17). 

It is extremely probable that in the Lias of the Continent occur 
not only many species which are not represented in this country, 
but also several genera. It is not safe to assume, therefore, 
that the capricorns referred to 4A. adnethicus are the ancestors of 
A. nautiliformis; the range of this series (from the ? valdani 
zone to the margaritatus zone) would be unusually great. For: 
this reason A. adnethicus and A. ferstli are only referred pro- 
- visionally to the genus Anzsoloboceras, which is proposed to include - 
ammonites of the A. nautiliformis type. The Continental am-. 
monites of the Liparoceratide should be fully studied before any 
attempt to classify them is made, since any arrangement based 
only on a consideration of the published figures would necessarily 
be provisional and would ultimately lead to greater confusion. 


(1) Series in which the Spherocones have Unpaired 
Tubercles. 


Liparoceras Hyatt, 1867. 


Genolectotype : Ammonites striatus Bronn. 

Genus passing from costate serpenticone (capricorn) to bituberculate. 
spheerocone. Whorl usually depressed, venter nearly flat or with a. 
low arch; ornament generally coarse, the ribs passing with little or no 
curve across the periphery. 

Body-chamber nearly one whorl. 


1 I am indebted to Mr. Buckman for kindly supplying a sketch of the. 
suture of the type-specimen, which was formerly in his possession and now 
is in the Manchester Museum. 

2 See F. von Hauer, ‘ Beitrige zur Kenntniss der Capricornier der Cster- 
reichischen Alpen’ Sitzungsb. K. Akad. Wissensch. Wien, vol. xiii (1854) pp. 94— 
121, and P. Reynés, ‘ Monographie des Ammonites’ 1879, pl. xxx, figs. 9 & 10. 

3 It may be mentioned here that many of the published figures of Conti- 
nental forms are not mentioned in this paper, as they frequently do not show 
sufficient detail to allow of even approximate correlation, while in other cases. 
the specimens are evidently quite different from anything that has been_ 
found in Britain. 
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Suture: EL and IL about equal in depth, wider than ES, IL generally 
trifid (fig. 1 a). 
Species included :-— 
L. sparsicosta, sp. nov., L. heterogenes (Young & Bird), L. obtwsinodum, 
sp. nov., L. zietent (Quenstedt), L. heptangulare (Young & Bird), 
L. cheltiense (Murchison). 
L. tiara, sp. nov. 
L. pseudostriatum, sp. nov. , 
‘Geological horizon: Upper part of the ibex zone. 


‘The ammonites camprising the genus Liparoceras range from 
stout capricorns to moderately involute thick-whorled forms with 
generally coarse bituberculation. The best-known English ammo- 
nite belonging to this series has been called Liparaceras striatum ; 
Reinecke’s figure of this species, however, shows an involute 
depressed Liparoceratid with paired tubercles on the outer whorl 
(5, pl. vii, figs. 65 & 66). Involute Liparoceratan forms from the 
British Lias have the tubercles unpaired, the outer being nearly 
twice as numerous as the inner. It is probable, therefore, that 
L. striatum (Reinecke) does not occur in this country, and it may 
be a representative of another lineage, probably allied to A. striatus 
parinodus Quenstedt (4, pl. xxix); L. pseudostriatum is here pro- 
posed for some of the English ammonites which have been called 
LL. striatum. The similar fossils from Gloucestershire are members 
-of the same genus, and include a number of forms closely allied to 
LL. cheltiense. 

The capricorns from which these ammonites arose have not 
hitherto been noticed, but are here described as LZ. sparsicosta 
(Pl. XXI, fig. 2), while L. heterogenes is a later stage (biologically, 
at least) in the same series, having fine paired tubercles on the 
-outer whorl. 

A number of intermediate forms unite this with ammonites 
resembling L. obtusinodum, which has fine paired tubercles on 
the inner whorls, but develops coarse unpaired tubercles on the 
outer whorl. A further stage is shown by JZ. cheltiense, in which 
the earliest tubercles are fine and unpaired, later becoming stronger, 
and finally transversely elongated on the last whorl, the commence- 
ment of catagenesis being indicated by a tendency to return to 
paired tubercles. More advanced ammonites of this lineage have 
finer tubercles on the outer whorl. Liparoceras heptangulare is 
probably a related species, which may be connected with L. zietenz, 
since both these species have a peripheral arch more pronounced 
than is usual in the genus. 

Several other series of Liparoceratan ammonites may be distin- 
guished, although the material available for their study is insuffi- 
cient for the establishment of lineages—one such series comprises 
-ammonites that develop fine ornamentation only (ZL. pseudo- 
striatum). The above forms usually become comparatively in- 
volute, but at least one series retained a moderately evolute form 
with coarse unpaired tubercles. This series includes L. tiara 
(Pl. XXJ, fig. 1), which, notwithstanding its wide umbilicus, has a 
‘very complicated suture with deeply undercut saddles (fig. 4d, 
‘p. 270), suggesting that it is at least as advanced as L. cheltiense. 
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ANDROGYNOCERAS Hyatt, 1867. 


Genolectotype : Ammonites hybrida A. d’Orbigny (8, pl xxxv, figs. 1-3, 
non 4-5), 

Develops from capricorn to bituberculate sphzrocone. Whorl height 
usually about equal to whorl thickness. Ornamentation never so 
coarse as in some species of Liparoceras, and not usually so fine as in 
Becheiceras. . 

Suture: EL and IL about equal in depth, IL with lobules usually asym- 
metrical, very narrow, and ES very wide (fig. lc, p. 258). Body- 
chamber about three-quarters of a whorl. 

Species included ! :— 

A. maculatum (Young & Bird), A. obtusicosta, sp. nov., A. hybrida 
(VOrbigny), A. divaricosta, sp. nov. 

Horizon: Davei zone, extending from the latxcosta sub-zone to the 

dexdalicosta sub-zone. 


In the development of Androgynoceras the outer tubercles 
‘appear first ; 4A. henleyi Reynés, in which the inner tubercles are 
much more prominent than the outer, probably belongs to a 
different series. Involution proceeds slowly, and no specimen has 
yet been examined in which the outer tubercles are twice as 
numerous as the inner. 

The more involute forms of this lineage have hitherto been found 
only at Lincoln (7, p. 104). 


/EGocERAS Waagen, 1869. 


Genolectotype: Ammonites planicosta A. d’Orbigny. 

Develops from capricorn to bituberculate sphzrocone. Whorl height 
usually about equal to whorl thickness. Ornamentation moderately 
fine, usually a little coarser than that of Androgynoceras. 

Suture: EL and IL about equal in depth; IL usually small, and ter- 
minated by three fairly-symmetrical lobules; the median lobule fre- 
quently short ; ES very wide (fig. 1 d, p. 258). Body-chamber nearly 
a whorl in length. 

Species included :-~- 

A. xquicosta, sp. nov., A. latecosta (Sowerby), ? A. henleyi (Sowerby), 
A. dxdalicosta, sp. nov. 

Horizon: Davi zone, extending from the latxcosta sub-zone ‘to the 

dexedalicosta sub-zone. 


The ammonites of this series are not very different from those 

of the Androgynoceras series; generally the first lateral lobe in 
Aigoceras is smaller and more symmetrical than in Androgyno- 
ceras. ‘The spherocones are also distinct, but the separation of 
these series 1s not easy. 
- The young, before ribs are developed on the periphery, are 
scarcely distinguished from similar stages in the Amblycoceras 
and Oitstoceras series. Thus ribs appear at approximately the 
same diameter, and sutural development at first proceeds similarly 
in each group. It seems, therefore, probable that these four 
genera had a common origin, and are much more closely related 
than any other Liparoceratid genera dealt with in this paper. (See 
Table ILI, p. 286.) : 


1 Several earlier species (A. integricostatum, A. siphunculare) are also 
referred to this genus (see p. 290), but it is probable that the genera Hgoceras 
and Androgynoceras had not at that time become separated. 
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AMBLYCOCERAS Hyatt, 1900. 


Genoholotype: A. capricornus Hyatt.! 

Develops from capricorn to a form with bituberculate swollen outer- 
whorl. The cost are very little diminished on the periphery of the. 
capricorns, and shw a distinct forward bend, less sharp than that of 
Oistoceras. 

Suture: IL much shallower than EL, which usually has a short and 
wide median saddle. IL has three subequal terminal lobules. ES 
wide, with three terminal cells (fig. 1f, p. 258). 

Species included :— 

A. crescens Hyatt, A. dissotypum, sp. nov., A. brevilobatwm, sp. nov. 

Horizon: Davai zone (latx#costa sub-zone to Oistoceras sub-zone). 


The ammonites of this genus are of two series: the earlier, 
which includes A. brevilobatum, has slender elevated whorls with 
close and uniform cost ; and the later, including A. crescens, has 
stout whorls, with prominent cost separated by wide concave 
spaces on the outer whorl. Bituberculate forms are known in 
both series. The A. crescens series is not derived from the earlier, 
for A. crescens retains the primitive depressed whorl; its inner 
whorls, however, have numerous ribs and are similar in form to 
the young of A. brevilobatum. It is probable that this latter 
group represents an offshoot from a primitive crescens-like stock. 


O1sTocERAS S. 8. Buckman, 1910. 


Genoholotype: O. figulinwm (Simpson). (Refigured, 1, vol. i, No. 26.) 

Develops from a capricorn to a bituberculate form with swollen whorls ;. 
the costz are little diminished on the periphery, where they have a 
very marked forward curve, much greater than in Amblycoceras 


(‘arrow-like peripheral costee ’).? 

Suture: EL and IL about equal in depth, EL narrow and with a high 
median saddle in the later forms; IL frequently asymmetrical 
(fig. 1 e, p. 258). 

Species included :— 

.O. figulinum (Simpson), O. alleotypum, sp. nov., O. omisswm (Simpson), 
O. curvicornum (Schloenbach). 

Horizon: ? dedalicosta sub-zone to lower part of margaritatus zone- 

(at Lincoln only). Dominant in the Ovistoceras sub-zone. 


Two series may be recognized among the ammonites of this 
genus, namely :— 


(1) With squared venter, developing coarse bituberculation 
(O. curvicornum Wright, non Schloenbach). 

(2) With a rounded or subangular venter, developing fine 
bituberculation (O. alleotypum, Pl. XXV, fig. 1). Some forms of 
the latter series have a peripheral rib-curve not much stronger than 
that of Amblycoceras ; they may be distinguished from the latter: 
genus, however, by sutural characters. Similarly, occasional speci- 
mens of Amblycoceras have a rib-curve equal to that of O/stoceras 


(see p. 279). 
1 In Eastman-Zittel, ‘Text-book of Paleontology’ Ist ed. vol. i (1900), 


fig. 1204, p. 578. 
2 See 1, vol. i, p. w. 
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Although the genera Androgynoceras, Atgoceras, Amblycoceras, 
and Oistoceras have typically ribs almost straight, slightly curved, ° 
and markedly curved on the periphery, Amblycoceras must not be 
considered as intermediate between Ozstoceras and Androgyno- 
ceras or Atgoceras, for the sutures of Odstoceras are frequently 
very similar to the sutures of Androgynoceras (compare, for 
example, the first lateral lobes in fig. 8 ¢, p. 278 & fig. 12 a, p. 285), 
while the sutures of Amblycoceras often resemble those ‘of Afgo- 
ceras, except that the first lateral lobe is shallower in Amblycoceras. 
It may, therefore, be suggested that Ovstoceras and Amblycoceras 
arose from primitive members of the Androgynoceras and Aigo- 
ceras stocks respectively : probably before the latter had acquired 
peripheral costa, but after the sutural characters of the two 
last-named genera had become distinct. 


BECHEICERAS, gen. nov. 


Genoholotype : A. bechei Wright (8, pl. xli, figs. 1 & 2). 

In this series spherocones only are known 1, ; these are finely ornamented, 
bituberculate (unpaired). In development of the sphrocones the 
capricorn stage is omitted. Longitudinal striations are well developed. 

Suture: EL not so deepas IL, which is often wider than ES, thus the 
greater part of IL is frequently ventral to the outer tubercles (fig. 1 b, 
p. 258). | 

Horizon.—Dedalicosta and Oistoceras sub-zones. 


The suture is most like that of Liparoceras, differing mainly 
in the deeper first lateral lobe: Becheiceras is, therefore, very 
similar to the finely-ornamented involute Liparoceras, but its 
horizon is much higher. 


ANISOLOBOCERAS, gen. nov. 


Genoholotype: A. nautiliformis J. Buckman (1, vol. i, No. 37). 
Includes capricorn forms and very stout bituberculate spherocones with 


fine ornament. 
Suture: EL much shallower than IL, the ventral lobules of the IL 
almost uniting under the EL (fig. 1g, p. 258). 


Species included :— 
? A. adnethicus Hauer, ? A. ferstli Hauer, A. spinellii Hauer, A. nauti- 


liformis J. Buckman. 
Horizon.—The spherocones, which alone occur in Britain, are found in 
the margaritatus zone; the horizon of the capricorn forms which are 
provisionally referred to this genus is probably near the ibex zone. 


A. nautiliformis was placed with Aigoceras by Mr. Buckman, 
‘who had not compared the sutures of these ammonites. The 
difference in sutural proportions has already been pointed out 
(p. 259). 

The saponins from the Adneth Shales described by F. von 
Hauer,” are provisionally referred to this genus, but their precise 


! Agoceras capricornw var. nodosa Futterer, ‘Die Ammoniten des Mittleren 
Lias von @stringen’ Mitt. Bad. Geol. Landesanst. vol. ii (1893) pl. xi, figs. 1 


& 2, may be near the capricorns of this series. 
2 * Beitrage zur Kenntniss der Capricornier der sterreichischen Alpen’ 


Sitzungsb. K. Akad. Wissensch. Wien, vol. xiii (1854) p. 101. 
Q. J.G.8. No. 296. y 
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horizon is unknown, and apparently no comparable forms have 
been discovered in this country. A. spinelliz, also described by 
F. von Hauer,! is the small young of the sphrocone in which the 
capricorn stage is omitted?; the sutural proportions are suggestive 
of this genus. 

Of A. nautiliformis, Mr. Buckman figured two specimens, of 
which the former (the holotype) is somewhat stouter (1, vol. 1, 
No. 87). Some ammonites figured by Quenstedt (4, pl. xxix) agree 
in whorl shape, suture, and position of tubercles ; the horizon given 
by Quenstedt is similarly considerably higher than the horizon of 
other spherocones. 


(2) Series in which the Sphzrocones have Paired 
‘Tubercles. 


It is not possible to offer any detailed classification of these: 
forms, which do not occur commonly in this country and of which 
very little material is available. It appears, however, that three 
series may be recognized, namely :— 


(1) A parinode series with depressed whorl; this includes A. striatus 
Reinecke. No representative of the group has been recorded in 
this country. 


(2) A parinode series with elevated whorl; this includes A. striatus: 
parinodus Quenstedt (4, pl. xxviii, figs. 16-23), A. striatus levis 
‘Quenstedt (4, pl. xxviii, fig. 6), A. striatus reineckit Quenstedt (4, 
pl. xxviii, fig. 5). Sphzerocones of this series, in the collections of 
Mr. S. S. Buckman and Mr. J. W. Tutcher, from the valdani zone: 
of Radstock, resemble the last-named species. 

~To cover this series the genus Parinodiceras is here proposed. 
Genoholotype, Ammonites striatus parinodus Quenstedt (4, pl. xxviii,. 
fig. 16). 

(3) A parinode series with round whorls; the tubercles of the inner row 
are placed high up the whorl, so that the two rows are unusually 
close together. Only three examples are known, in the collection 
of Mr. J. W. Tutcher, who obtained them from the valdani zone 
of Radstock. 

The name Vicininodiceras is proposed for this series. Geno- 
holotype, V. simplicicosta, sp. nov. (Pl. XXIV, fig. 4.) 


It will be noted that all the parinode forms which have been 
observed in England occur at a lower horizon than any imparinode 
forms, and probably represent a more primitive stage in evolution. 


Notes on Puricopoceras Hyatt, 1900. 


Genoholotype: Phricodoceras (Ammonites) taylori (A. d’Orbigny). (3,. 
pl. cii, figs. 3 & 4.) 


This genus of Liparoceratid ammonites is not fully considered 


! *Ueber die Ammoniten aus dem sogenannten Medolo der Berge Domaro’ 
Sitzungsb. K. Akad. Wissensch. Wien, vol. xliv (1861). 

2 Ammonites henleyi Hauer, ‘ Ueber die Cephalopoden aus dem Lias der 
Nordéstlichen Alpen’ Denkschr. K. Akad. Wissensch. Wien, vol. xi (1856) 
p. 60 & pl. xx, figs. 4-6, may be a coarsely-tuberculate form of this genus. 
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here, since its evolution is different from that of the series described 
above. Phricodoceras includes the taylori group of ammonites: 
these forms rapidly acquire bituberculation or even trituberculation, 
without any marked expansion of the whorl such as is characteristic 
of the genera hitherto dealt with. 

_ Mr. Buckman has called my attention to a specimen of Phrico- 
doceras lamellosum (A. @Orbigny) from the armatus zone of 
Radstock, in his collection (No. 2917), in which the strongly tuber- 
culate stage is followed by a stage with feeble ornament and a great 
increase in the size of the whorl, the outer whorls thus bearing 
some resemblances to the involute forms of the preceding genera. 
It is distinguished by 


(1) The greater elevation of the outer whorl, 
(2) Enlargement of the whorl subsequent to the acme of ornamentation, 
(3) The close approximation of the outer tubercles to the ventral margin. 


Ammonites striatus bicornis Quenstedt. (4, pl. xxviii, fig. 24) 
and A. taylori Quenstedt (4, pl. xxvu, fig. 19) show a similarly 
expanded outer whorl with catagenetic ornament. 


VI. Srupy oF SPECIES AND DEVELOPMENTAL DETAILS. 


A. LIPAROCERAS. 


LIPAROCERAS SPARSICOSTA, sp. nov. (Pl. XXI, figs. 2a-26 & 
3a-—8e; text-figs. 2a—-2 9, p. 266.) 
Dimensions of holotype :— 


Diameter. Whorl height. Whorl thickness. - Umbilicus. 
35 mm. 32 per cent. 35 per cent. 44 per cent. 


A small capricorn ammonite, with depressed whorl ; strong but. 
widely-spaced ribs, feeble on the venter. Until the diameter of 
6 mm. the whorls are smooth, stout ribs separated by wide concave 
spaces appearing at that diameter. Thirteen ribs on the outer 
whorl, of which the last nine have paired tubercles; periphery broad, 
with the low arch characteristic of the genus. 

At 22 mm. diameter the suture is moderately simple, but shows 
the feature of the genus, namely: the first lateral lobe is wider 
than the external saddle, and about equal in depth to the external 
lobe, thus part of the first lateral lobe is ventral to the outer line 
of tubercles (text-fig. 29, p. 266). 

The type-specimen was collected by Mr. L. Richardson, F.G.S., 
from a well at Queen’s Wood Cottages, Prestbury, near Chelten- 
ham. Specimens may also be obtained at a similar horizon at 
Napton (Warwickshire), and at Dumbleton (Gloucestershire)... 


Development. (PI. XXI, figs. 3a—3e.)—In studying the 
development several small specimens collected at Napton were 
used. In this locality fine specimens of the capricorns and of the 
heterogenes stage of Liparoceras may be found, fortunately with 
the inner whorls well preserved in calcite. 


xy 2 


Fig. 2.—Sutural development of Liparoceras sparsicosta. 


*. 


23 mm, 


gun See 


[g=L. Richardson Coll., figured in Pl. XXI, fig. 2 a.] 


Fig. 8.—Sutures of Beaniceras spp. (Napton). 


~s 
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The protoconch shows the usual characters (Pl. XXI, fig. 3d), 
its length being 0°68 mm. Shell development proceeds normally 
for some time; thus there is a general increase in the size of the 
whorl, whorl! height at first increasing proportionately more rapidly 
than whorl thickness. The shell remains smooth until a diameter 
of 5 mm. is reached, when there appear on the sides widely- 
separated ribs, which do not cross the venter until later (diameter 
10 mm.). The whorl thickness increases regularly, but the whorl 
remains depressed much longer than is usual in capricorns (see 
Pl. XXI, fig. 8a) which generally acquire slender, nearly round 
whorls at a diameter of 83mm. ‘Thus, it will be seen from the 
following table that, in Liparoceras sparsicosta, the whorl height is 
less than the whorl thickness, even at a diameter of 20 mm. This 
retention of the early depressed shape and smooth whorls may point — 
to the primitive nature of L. sparsicosta; it is probable, however, 
that these features indicate that this ammonite is already beyond 
the true capricorn stage, and that the depressed inner whorls are 
due to the prolongation of the primitive globose form. 


Diameter. Whorl height. W horl thickness. Umbilicus. 

mm, per cent. per cent. per cent. 
58 48 119 o 
68 42 96 28 
1°14 42 69 30 
1°8 40 65 —_ 
3°6 39 55 29 
8°0 28 55 — 
16°0 28 46 36 
20°0 33 : 45 35 


The first suture shows typical angustisellate characters (text-fig. 
2a). At the second suture the azygous saddle is divided by a fairly 
deep ventral lobe, which is deeper than the corresponding lobe in the 
second suture of other capricorns (text-fig. 25). In the third suture 
the ventral lobe has a small median saddle ; there is little advance 
on this stage during the next whorl, the ‘median ventral saddle 
becoming slightly more pronounced and.an auxiliary saddle appear- 
ing at the umbilical margin (text-fig. 2d). A very feeble denti- 
culation appears on the dorsal margin of the external saddle ata 
diameter of 4°5 mm., and a little later the saddle has three terminal 
cells and the first lateral lobe three lobules. Subsequent develop- 
ment leads to the increase in height of the external saddle and in 
depth and width of the first lateral lobe; these attain adult pro- 
portions at a diameter of 10 mm., all the elements later becoming 
complicated by minor denticulations. 

Distinctions.—Androgynoceras maculatum is the only capri- 
corn among the British Liparoceratide from which Liparoceras 
sparsicosta is not readily distinguished ; A. maculatum has similarly 
widely-spaced ribs (about seventeen to a whorl; some capricorns 
may have thirty) which are feeble on the venter. In A. 
maculatum, however, whorl height is greater than whorl thickness, 
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while the venter is well rounded and does not show the low arch 
of Liparoceras. 

It is more difficult to separate L. sparsicosta from certain species 
of Beaniceras. Mr. Buckman proposed this latter genus to inciude 
A. luridum (1, vol. ii, p. 27) placing it with the Liparoceratide, 
but its affinities are with the Dactyloids rather than with the 
Liparoceratids (see p. 292). Beaniceras luridum is a capricoin 
form, probably a catagenetic descendant of a tuberculate cadicone 
(that is, a form with the whorl thickest at the ventral margin) ; 
such cadicones of the Beaniceras series have been detected at 
Napton and elsewhere, and with them also occur ammonites which 
resemble B. luridum, and have strongly-ornamented cadicone inner 
whorls, the outer whorl having normal capricorn ornament, in some 
cases very similar to that of L. sparsicosta. The young of such a 
form is figured in Pl. XXIII, fig. 2, the shape of the whorl being 
very different from that of the young of Lzparoceras sparsicosta 
(Pl. XXI, fig. 8a). The chief points of distinction of these series 
are: 

(1) The stronger ornament of the inner whorls of Bezniceras ; the capri- 


corns of the Beaniceras series are catagenetic, those of the Lipare- 
ceratidz are anagenetic. 


(2) The steep central part of the umbilicus of Bean‘c2ras (due to the 
cadicone inner whorls). 


(3) The suture of Beaniceras frequently shows a /\-shaped median cell, 
as was pointed out by Mr. 8S. 8. Buckman (1, vol. ii, No. 73). 


This last-named character, however, is not constant; it is not 
always present in Beaniceras, and may sometimes be seen in other 
capricorns. ‘The arrangement.of the sutural elements 1s somewhat 
similar in Liparoceras and Beaniceras ; in Napton specimens of 
the latter the first lateral lobe is relatively wider. In development, 
the sutures of Beaniceras are more complicated than the sutures of 
Liparoceras at similar diameters. Thus the suture of Beaniceras 
at 5 mm. (text-fig. 36, p. 266) is quite as advanced as that of 
LL. sparsicosta at 15 mm. 


LIPAROCERAS HETEROGENES (Young & Bird). (Fig. 4e, p. 270.)! 


Refigured, Androgynoceras heterogenes (Young & Bird), 8. S. Buckman — 
(1, vol. i, No. 46). 

Retains capricorn form up toa diameter of 60 mm., the last whorl 
being swollen; bituberculation commences earlier than in L. sparsi- 
costa, certainly before a diameter of 20 mm. If L. heterogenes is 
properly assigned to the Liparoceras series it is probably a little 
more advanced than L. sparszcosta. 

This species was formerly referred to the genus Androgynoceras, 
but it appears to belong to Liparoceras, since it shows whorl height 


! The sutures shown in figs. 4 (a, e, f), 7, 8 (a, b), 19 (b,c), and 13 were 
-drawn from the left-hand side of the specimens, but are here reversed for 
convenience in comparing them with others. 
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less than whorl thickness, and a broad low-arched venter, with the 
outer row of tubercles near the edge of the whorl. Although in 
the type-specimen no sutures are visible, yet specimens from Napton 
and Yorkshire which appear to be identical show sutures of the 
Liparoceras pattern (fig. 4¢) intermediate in degree of complexity 
between L. sparsicosta and L. obtusinodum. 

A complete series of specimens may be aahneed transitional 
between L. heterogenes and L. obtusinodum. In successive 
members at a given diameter the whorl is stouter, the ratio of the 
numbers of outer to inner tubercles is greater, and the sutures are 
more complex. Further, the stage at which capricorn ornamenta- 
tion is developed steadily becomes later, while bituberculation 
appears earlier, so that ultimately the capricorn stage is omitted, 
as shown in the table :— 


Diameter. Whorl  Whorl Capricorn ! Tubercle 
mm. height. thickness. Umbilicus. from ‘to on last 
per cent. percent. percent. diameter diameter. whorl. 
From ( 50 27 33 33 5 - 60 Paired, 
Napton, 35 29 34. 29 6 19 Paired. 
Warwick. ( 50 Ad 5280 otis 23/15 
From 60 47 57 23 — — 25/15 
Battledown, 60 48 56 20 — -— 23/12 
Cheltenham. 


70 51 61 17 +e whe 24/12 


LIPAROCERAS OBTUSINODUM, sp. nov. (Fig. 4c, p. 270.) 


Dimensions of holotype (from Napton, Warwickshire) :— 


Diameter. Whorl height. Whor!l thickness, Umbilicus. 
45 mm. 44 per cent. 52 per cent. 33 per cent, 


Compare Ammonites striatus Bronn.} 


Whorl depressed, venter nearly flat, umbilicus fairly small, the 
tubercles unpaired, about 22/18. 
The inner whorls of ZL. obtusinodum have no capricorn stage, 
but the tubercles are fine and paired until the diameter of 25 mm. 
L. obtusinodum occurs in Dorset in the Belemnite Stone and 
the beds immediately below it.2 One such form (W.D.L. Coll. ©: 2O24¢ 5" 
1493) has the following dimensions :— 


Diameter. Whorl height. Whorl thickness. Umbilicus. 


25 mm, 44 per cent. 68 per cent. 28 per cent. 
19 42 63 26 


The suture is a little more complicated than sa of L. hetero- 
genes (fig. 4¢). 


1H. G. Bronn, ‘ Lethea Geognostica’ vol. i (1835— -37) p. 449 & pl. xxiii, 
fig. 7. 

2°W. D. Lang, ‘The I bie Zone at Charmouth, &c.’ Proce. Geol. Assoc. 
vol. xxvili (1917) p. 33. 


Fig. 4.—Sutures of Liparoceras spp. 
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LIPAROCERAS CHELTIENSE (Murchison). (PI. XXI, figs. 4a—-4d ;. 
text-figs. 4a & 46, p. 270.) . 
Refigured, ‘ Paleontologia Universalis’ pt. iii, ser. 1 (1905) No. 67. 
Dimensions of figure :— 


Diameter. Whor!l height. Whorl thickness. Umbilicus. 
93 mm. 45 per cent. 67 per cent. 24 per cent.. 


In the type-specimen the early part of the last whorl is similar 
in shape and ornament to L. obtusinodum. Towards the end of 
the whorl, however, the whorl height increases and the periphery 
becomes more strongly arched, while the unpaired rounded tubercles. 
give place to paired bull or transversely extended tubercles: this. 
return to paired tubercles is the first indication of catagenesis. 

The details of the suture in the type-specimen are not discernible ;, 
but it is clear that the external saddle is narrower than the first. 
lateral lobe, the latter being mainly ventral to the outer tubercles. 
(British Museum—Natural History, No. 74955 a.) 


Development of Liparoceras cheltiense.—The specimer 
examined was collected at the Battledown Pit, Charlton Kings, 
Cheltenham (PI. XX, figs. 4a-4d). The innermost whorls are not. 
preserved, but at a diameter of 10 mm. the shell is quite smooth,. 
the whorl being stouter and the form more involute than in the: 
adult. ‘The whorl thickness is equal to nearly three-quarters of the. 
diameter until a much later stage; it is interesting to note that 
this condition is lost in LZ. sparstcosta at a diameter of 1 mm.. 
In L. cheltiense there isa gradual change from the young to the 
adult form of whorl. 

Fine tubercles are seen at a diameter of 10 mm.; they are: 
already unpaired:and are united by very feeble ribs which cross the- 
venter (Pl. XXI, figs. 4¢ & 4d). Faint longitudinal striation is. 
also present. The young suture is more complicated than that of 
L. sparsicosta ; for example, the suture of L. cheltiense at 8 mm. 
diameter has the first lateral lobe nearly as deep as the external 
lobe, a condition which is not attained by L. sparsicosta until 
much later. 


Diameter. Whorl height. Whorl thickness. ‘Umbilicus. 
70 mm. 48 per cent. 56 per cent. 20 per cent. 
38 50 70 j 19 
25 50 72 — 

13 54 73 15 


Young specimens of L. cheltiense (up to a diameter of 30 mm.) 
bear a superficial resemblance to Becheiceras bechet.” They may 
be distinguished by their sutures (even at this diameter the first 
lateral lobe of B. bechei is deeper than the external lobe) and by 
the more depressed whorl of ZL. cheltiense; further, while tubercles 


1 Compare A. striatus Quenstedt, ‘ Petrefactenkunde Deutschlands : Cepha- 
lopoden ’ vol. i (1849) p. 135 & pl. ix, fig. 24. 


# 
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appear in the young of Liparoceras cheltiense at a diameter of 
10 mm., they are not present in B. bechez until twice that diameter. 

Other specimens found at Battledown, apparently of this same 
lineage, show post-cheltzvense stages in which the whorl is more 
slender, the ornament finer, and the tubercles generally paired. 
‘This latter character distinguishes L. cheltiense from the finely- 
ornamented sphzrocones of the Becheiceras series. 


LIPAROCERAS ZIETENT (Quenstedt). 


Ammonites striatus zieteni Quenstedt (4, pl. xxviii, figs. 1 & 2), 


Dimensions of figure :— 


Diameter. Wohorl height. Whorl thickness. Umbilicus. 
64 mm. 50 per cent. 64 per cent. 22 per cent. 


This presents a similar stage to L. obtusinodum, but differs in 
‘the greater arch of the periphery. | 


LIPAROCERAS HEPTANGULARE (Young & Bird). 
(Refigured, 1, vol. ii, No. 108.) 


This ammonite has a more slender whorl than ZL. cheltiense ; 
the strongly-arched periphery may indicate a connexion with 
L. zietenr. 


LipaAROCERAS TIARA, sp. nov. (Pl. XXI, figs. la & 106; text- 
fig. 4d, p. 270.) 
Compare Ammonites henleyi A. d’Orbigny (3, pl. 1xxxiii). 
Dimensions of holotype :— 


Diameter. Whor! height. Whor! thickness. Umbilicus. 
63 mm. 41 per cent. 57 per cent. 29 per cent. 


Stout whorl, evolute, with prominent unpaired tubercles (20/14) 
united by strong folds, dividing at the outer tubercles into two or 
three flattened ribs which cross the periphery. 

Irregular longitudinal striation very marked. 

Suture has a deep external lobe, divided by a high median saddle ; 
first lateral lobe wide. Sutural elements very deeply undercut 
(text-fig. 4d, p. 270). 

This species, undoubtedly a Liparoceratid, differs from those 
previously considered in combining coarse ornament with an evolute 
form and very complex sutures. 

The type-specimen was collected by Mr. L. Richardson in the 
Yellow Lias (hemera of Beaniceras), during excavations for a 
bridge at Manor Farm, Gotherington, near Cheltenham. 


LIpAROCERAS PSEUDOSTRIATUM, sp. nov. (Fig. 47%, p. 270.) 
Compare A’goceras striatum Wright (8, pl. xlii, figs. 1 & 3). 


Dimensions of type-specimen : — 
Diameter. Wohorl height. Whorl thickness. Umbilicus. 
100 mm. 47 per cent. 65 per cent. 16 per cent. 


- 
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Differs from other species of Liparoceras in having stout whorls 
and involute form accompanied by unpaired fine tubercles. 

Occurrence.—Upper part of the zbex zone, Dorset. 

L. pseudostriatum is similar in appearance to Androgynoceras 
divaricosta, but has a stouter whorl, smaller umbilicus, unpaired 
tubercles, and more complicated suture of a different pattern. 

The holotype is in the collection at University College, Cardiff. 


B. A{GOCERAS. 


AAGoceRAs aff. latecosta (Sowerby). (Pl. XXIII, figs. 34 & 30; 
text-fig. 5, p. 274.) 


Compare Ammonites latecosta Sowerby.} 


Dimensions :— __ 
Diameter. Whorl height. Whorl thickness. Umbilicus. 
72 mm. 32 per cent. 33 per cent. 47 per cent. 
50 30 30 46 


Slender whorls little embracing, coiling regular; on the outer 
whorl are about thirty slightly-curved ribs, sharp on the sides and 
less prominent on the venter. On*the last half-whorl, striz are 
present between the ribs, especially on the venter. Feeble bituber- 
culation commencing. Suture fairly complicated, external saddle 
very wide, first lateral lobe narrower and trifid, symmetrical. 
Collected by Dr. W. D. Lang (Coll. No. 1566) in the Lower Lime- 
stone (latecosta sub-zone) of Dorset. 


Development of Mgoceras latecosta. (Pl. XXIII, 
figs. 4 a—4.d.)—The development was studied in a small specimen 
(W. D. Lang Coll. No. 534) from the latecosta sub-zone (?), 
Stonebarrow. The young specimen, at a diameter of 14 mm., 
shows a body-chamber equal to half a whorl. 

The protoconch is of normal form, preserved in calcite: an 
examination by transmitted light shows the so-called ‘ prosiphon ’ 
of Munier-Chalmas (Pl. XXIII, fig. 4d). This structure is not 
always to be seen in ammonite protoconchs, owing to differentes in 
preservation, and several investigators have failed to find any trace 
of it. Recently, however, Grandjean has shown it to be a solid 
- structure extending from the end of the siphon to the inner wall 
of the protoconch.2 The ‘prosiphon’ of dtgoceras latecosta 
resembles the second type described by Grandjean, consisting of 
one long ‘ bandelette,’ thus differing from 4. planicosta, in which 
it is relatively short. 

Shell-development proceeds normally, and, until 4. latecosta 
attains a diameter of over a millimetre, it is scarcely to be distin- 
guished from other young capricorns. At a diameter of 4 mm. 
(Pl. XXIII, fig. 4a) the whorl height of 4. /atecosta is less than 


1 * Mineral Conchology’ vol. vi (1829) pl. dlvi, fig. 1. 
2 F. Grandjean, ‘Le Siphon des Ammonites, &c.’ Bull. Soc. Géol. France, 
ser. 4, vol. x (1910) p. 496. 
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the whorl height of the capricorns of Amblycoceras and Oistoceras 
at the same diameter; the whorl shape, however, does not differ 
markedly from that of Liparoceras sparsicosta until the diameter 


Fig. 5.—Sutural development of Mgoceras 
lateecosta (Sowerby). 


wee eT ha, 
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[a-g, W. D. Lang Coll. (figured in Pl. XXIII, fig. 4). 
h=Specimen figured in Pl. XXIII, fig. 3: W. D. Lang Coll. No. 1566.] 


of 10 mm. is reached, when 4goceras latecosta is less depressed. 
Low folds appear at a diameter of 3°5 mm.; but there are no ribs 
on the periphery until the shell is nearly twice that size, only 
becoming fairly prominent at a diameter of 11 mm. 


Diameter. Whorl height. Whorl thickness. Umbilicus. 

mm. per cent. per cent. per cent. 
84 43 79 26 
1°2 40 67 32 
2°5 40 68 PAA) 
42 35 67 52 
8°O 35 50 40) 
14°0 29 36 46 


The early sutures of the capricorn forms are similar; indeed, the 
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sutures from the third to the tenth are almost identical in each 
species, the second suture having a ventral lobe which peigees 
divided by a minute median saddle in the next suture (text-fig. 5 

p. 274). The first signs of denticulations ppear in rie 
latecosta ata diameter of 3°5 mm. and by 4°5 mm. the external 
saddle has three unequal terminal cells; the felativ ely-small first 
lateral lobe is feebly trifid (text-fig. 5d, e, p. 274). This lobe 
remains narrower than the external saddle but becomes deeper, 
and is as deep as the external lobe by the time that a diameter of 
9 mm. is attained. The features of the suture may now be said 
to have reached the proportions characteristic of the adult. 

In many young examples of this species the suture is tilted ; 
tat is to say, the saddles of one side are in advance of those of 
the other. If, therefore, only one side of such a specimen is 
examined, its sutures appear to resemble those of either Amblyco- 
ceras or Becheiceras. : 


/EGOCERAS EQUICOSTA, sp. nov 


Compare Agoceras maculatun. Wright (8, pl. xxxiv, figs. 1 & 3). 
Dimensions of holotype :— 


Diameter. Whorl height. Whorl thickness. Umbilicus. 
70 mm. 28 per cent. 26 per cent. | 45 per cent. 


Whorl slender, almost circular in section, with uniformly-spaced 
ribs, little diminished on the periphery, which they cross without 
any curve. ‘Thirty ribs on the outer whorl, where they are rounded ; 
the ribs of the inner whorls, like those of 4. latecosta, are more 
acute. Suture of typical dgoceras form, with large external 
saddle and narrow first lateral lobe. 

Aigoceras equicosta 1s proposed to include the English am- 
monites which were formerly called Ammonites capricornus 
Schlotheim, a name which is not used here, since its. precise 
application is not known. 

[2] Occurrence.—Type-specimen, from the latecosta its: -zone of 
Lincoln. 
Aigoceras equicosta differs from other capricorns in 


(1) Nearly round whorl (the outer whorl of . latxcosta is more 
elevated). 


(2) Ribs very little diminished on the periphery (distinguishing it from 
most capricorns without a peripheral rib-curve). 


With Algoceras equicosta at Lincoln occur specimens which 
s1)w a catagenetic subcostate-striate stage. 

In the latecosta sub-zone of Dorset Dr. Lang has found 
ammonites, presumably of this lineage, which show a more advanced 
stuge, resembling A. henleyi Sowerby in the moderately-round 
whorl, with flattened sides, and it is suggested that these 
ammonites (W. D.L. Coll. No. 3861) are intermediate between 
“H, latecosta and At. dedalicosta. They have swollen whorls, 


a 


C.20282, 


aj C. 20232, 
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moderately wide umbilicus, just becoming imparinode, and show 
the irregular cost seen in Aigoceras dedalicosta. 


Dimensions of W. D. L. Coll. No. 3861 :— 


Diameter. Whorl height. Whorl thickness. Umbilicus. 
80 mm. 46 per cent. 57 per cent. 25 per cent. 
4.7 44 51 25 


These specimens are morphic equivalents of Androgynoceras 
divaricosta, from which they differ in the greater symmetry 
of the first lateral lobe (text-fig. 6, below) which resembles that of 
MAigoceras latecosta. 


ANGOCERAS DHDALICOSTA, sp. nov. (Pl. XXII, figs. 3a & 30.) . 
Dimensions of holotype :— 


Diameter. Whorl height. Whorl thickness. Umbilicus. 
?190 mm. 50 per cent. 47 per cent. 13 per cent.. 


Whorl rounded, periphery arched, sides flattened, umbilicus small. 
Ribs irregular, especially on the venter, where they occasionally 


Fig. 6.—Suture of Mgoceras sp., intermediate between Ai. latwx- 
- costa and AX. dedalicosta. (W. D. Lang Coll. No. 3861.) 


ane: 


show small but distinct bends ; they divide sometimes on the lateral 
area, and do not always unite with the outer tubercles. ‘Tubercles 
distinctly unpaired (about 7/4 on a quarter of a whorl). The 
suture has the proportions characteristic of the genus; the lobules. 
of the first lateral lobe are practically equal in length, a feature 
shown by A%goceras latecosta. 

There is very little trace of longitudinal striation on the outer 
whorl ;::at a diameter of 40 mm. the ornamentation is finer and 
more regular, and striation is well-marked. 

The type-specimen was collected by Dr. Lang in the Red Band 
(dedalicosta sub-zone), St. Gabriel’s Water, Dorset (No. 3862). 

Ai. dedalicosta differs from other species of digoceras in 
having markedly unpaired tubercles and greater involution. The 


57 mm, 


young has fine paired tubercles until a diameter of 80 mm. 
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C. ANDROGYNOCERAS. 


ANDROGYNOCERAS MACULATUM (Young & Bird). 


Refigured by 8. S. Buckman (1, vol. i, No. 45). 


_ Non A. maculatum Wright (8, pl. xxxiv). 
Non A. maculatum Quenstedt (4, pl. xxxiv). 


ANDROGYNOCERAS OBTUSICOSTA, sp. nov. (Pl. XXII, figs. 2a 
& 2b.) 


Compare A. maculatwm (=capricornum) Wright (8, pl. xxxiv, figs. 4 & 5). 
A. maculatum Quenstedt (4, pl. xxxiv, fig. 5). 
Dimensions of holotype :— 


Diameter. Whorl height. Whorl thickness. Umbilicus. 
80 mm. 34 per cent. 26 per cent. 46 per cent. . 


An evolute capricorn, bituberculation commencing. Whorl round 
up to a diameter of 50 mm., after which it becomes more elevated. . 
Ribs pass directly across the venter and are very little diminished ; _ 


Fig. 7.--Suture of Androgynoceras obtusicosta (Lincoln). 


50 mm, 


round, 23 on the outer whorl, separated by wide spaces. Fine- 
strixe between the ribs, especially on the periphery. 

The suture shows a deep external lobe divided by a high median - 
saddle ; wide external saddles, first lateral lobes narrow and asym-. 
metrically divided (text-fig. 7). 

Oeccurrence.—Latecosta sub-zone, Lincoln. 

Distinguished from Atgoceras latecosta by the suture and by the 
prominence of ribs on the periphery. With A. obtuwsicosta occur - 
other ammonites in which the outer whorl is swollen, the capricorn 
stage commencing later and bituberculation earlier. These forms. 
constitute a transition to A. hybrida (A. VOrbigny). 


ANDROGYNOCERAS HYBRIDA (A. d’Orbigny). 


“Ammonites hybrida d’Orbigny (3, pl. lxxxv, figs. 1-8, non figs. 4-5) ; com- . 
pare A. intracapricornus Quenstedt (4, pl. xxix, fig. 9). 

This is the heterogenes-stage of this series ; its connexion with 
these ammonites is supported by the asymmetrical first lateral lobe. 
and the proportions of the suture. The young figured by A. d’Or- 
bigny probably is from a different ammonite, resembling Ozstoceras.. - 
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sANDROGYNOCERAS DIVARICOSTA, sp. nov. (Pl. XXII, figs. 1 a— 
_a4,le & text-fig. 8.) 


Dimensions of holotype :— 


Diameter. Whorl height. Whorl thickness. | Umbilicus. 
142 mm. 42 per cent. 57 per cent. 27 per cent. 


* Whorls swollen, nearly round, sides slightly flattened, moderately 
involute ; tlattened coste with two rows of tubercles. From the 
umbilical margin the ribs slope back to the inner tubercles ; between 
the tubercles they often divide, usually uniting again at the outer 
‘tubercles, splitting into two or three ribs which pass directly across 


Fig. 8.—Sutural development of Androgynoceras divaricosta 


(Lincoln). 
¢ 
100 mm. 
e @ 
@ @ 
b 
14 mm. 
a 


8 mm, ¥, 


‘the periphery. Tubercles usually paired, but the outer are slightly 
more numerous than the inner (imparinode stage commencing, 
34/29). 

The tubercles of the type-specimen are rounded knobs, but in 
‘specimens with a well-preserved shell they are moderately sharp. 
Longitudinal striations are present. Involution does not reach the 
inner row of tubercles. 

Development.—The form of the shell throughout life changes 
very little, the whorls being nearly round and merely increasing in 
size. The shell is quite smooth up to a diameter of 4 mm., after 
which it has closely-set ribs for about.a quarter of a whorl; 
dituberculation commences at a diameter of 20 mm. 
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Diameter. Whorl height. Whorl thickness. Umbilicus. 
mm. per cent. per cent. per cent. 
14 43 50 as 
22 46 52 — 
50 48 54 27 
120 48 56 30 


Occurrence.—Dedalicosta sub-zone, Bracebridge and Wad- 
dington, near Lincoln (7, p. 104). 

Androgynoceras divaricosta closely resembles specimens found 
in Dorset which are intermediate between A. latecosta and A. 
dedalicosta, having a round whorl with slightly-tlattened sides, 
tubercles nearly paired, and a moderately-wide umbilicus. The 
sutures indicate, however, that they belong to different series. 

A. divaricosta has a superficial resemblance to Liparoceras 
pseudostriatum, from which it may be distinguished by 


(1) Greater arch of the periphery and rounder whorl. 
(2) Suture less complicated and having a large external saddle. 


(3) The tubercles are only just becoming imparinode, and sometimes 
show longitudinal elongation. (Extension of tubercles in Liparo- 
ceras is usually, but not always, transverse.) 


The young havea wider umbilicus than the young of spherocones 
of Becheiceras and Liparoceras. 


D. AMBLYCOCERAS. 


AMBLYCOCERAS BREVILOBATUM, sp. nov. (Pl. XXIV, fig. 3; 
text-fig. 10 c, p. 283.) 


Holotype: Liparoceras capricornu Richardson.! 

Compare Amblycoceras capricornum Hyatt.? 

Compare A. maculatum Quenstedt, 4, pl. xxxiv, figs. 7—9. 
Dimensions of holotype :— 


Diameter. Whorl height. Whorl thickness. Umbilicus. 
48 mm. 29 per cent. 27 per cent. 44 per cent. 


A capricorn with elevated whorl and strong ribs, which are not 
much diminished on the periphery, where they curve forwards. 
The peripheral rib-curve is generally much less than that of 
Oistoceras, but often varies in individual specimens; thus some 
examples resemble O/stoceras, but are easily distinguishable by 
their sutural proportions. Sutures moderately complicated ; first 
lateral lobe shallow and narrow, the ventral lobe has a broad 
median saddle, and the external saddle has three subequal terminal 
folioles (text-fig. 10 c, p. 288). 

Development. — (Studied i in specimens of A, brevilobatum from 
the Brick-Pit, Pilley, Leckhampton. ) 

The young forms in which the development was studied, had at 


1 L. Richardson, ‘ Geology of Cheltenham, &c.’ 1904, pl. xv, fig. 7. 
? A. Hyatt, in Eastman-Zittel, ‘ Text-book of Paleontology’ Ist ed. vol. i 
(1900) p. 578, fig. 1204. 


Q.J.G.8. No. 296. Z 
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a diameter of 7 mm. a body-chamber. already equal in length to 
more than three-quarters of a whorl. The inner whorls are smooth, 
and cost are not acquired until the diameter of 3 mm. is reached. 
From this stage onwards the whorl becomes more elevated. Sutural 
development similar to that in Amblycoceras crescens, which will 
be next described: thus denticulations appear in each species at 
the same diameter and in the same order, and the sutures are 
remarkably similar (text-fig. 10 b & c, p. 283). 


Diameter. Whorl height. ‘Whorl thickness. Umbilicus, 
mm, per cent. per cent. per cent, 
O'7 50 75 — 

14 43 55 35 
3°0 42 60 33 
4°7 40 51 32 
75 37 40 33 


Occurrence.—Latecosta sub-zone, Brick-Pit, Pulley, Leck- 
hampton. 

Distinction: Suture and 11b-curve distinguish A. brevilobatwm 
from all species except A. crescens, which differs in having a stouter 
form. 

With A. brevilobatum occur somewhat more advanced specimens 
having the outer whorl expanded, bituberculation commencing 
(S. 8. Buckman Coll. No. 2817). This may be MMecroceras sinu- 
osum Hyatt (2, p. 82), which is described as a bituberculate form 
with peripheral rib-curve; Mr. Buckman placed this species with 
Oistoceras,! but Hyatt refers to the shallow first lateral lobe of 
its suture, a character which suggests Amblycoceras. 


AMBLYCOCERAS CRESCENS Hyatt. (PI. SAT, figs. la-1b & 
2a-2b; text-figs. 9 & 10 4, pp. 281, 283.) 


Compare A’goceras capricornum Geyer.” — 


Dimensions of specimen figured here :— 


Diameter. Whor! height, Whor! thickness, Umbilicus. 
32 mm. 31 per cent. 34 per cent. 40 per cent. 


A small capricorn, with stout thick whorls; ribs very prominent 
on the sides and periphery, where they have a forward bend. Ribs 
of the last whorl widely spaced (18 to the whorl). 

Suture fairly simple; first lateral lobe very shallow; external 
lobe with broad and short median saddle (fig. 10 4, p. 283). 

Hyatt named this species, but gave no figure; and the name has 
not been generally used. The specimen here figured agrees with 
Hyatt’s description in having a shallow ‘superior’ lateral lobe and 
stout whorl. 


1¢*The Geology of the Country between Whitby & Scarborough’ Mem. 


Geol. Surv. 2nd ed. (1915) p. 96. 
2 G. Geyer, ‘Die Mittelliasische Cephalopoden-Fauna des Hinter-Schaf- 
berges in Ober-(@sterreich’ Abhandl. K.-K. Geol. Reichsanst. vol. xv (1893) 


pt. 4, pl. iii, fig. 9. 
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Development (PI. XXIV, figs. 2a & 26).—Studied in a 
specimen from the dedalicosta sub-zone, Lincoln. The innermost 
whorls are not usually preserved ; ata diameter of 2 mm. the shell is 
smooth witha depressed whorl, ribs appearing as folds on the lateral 
area ata diameter of 3mm. ‘This condition continues until over 
a whorl later, when at a diameterof 7 mm. faint folds cross the 
periphery with a decided forward curve. The whorl height has 
increased meanwhile, so that the whorl is almost cireular in section ; 
A. crescens, from this diameter onwards, is much stouter than any 


Fig. 9.—Sutural development of Amblycoceras crescens 
(Lincoln). 


5mm, 


3°8 mm. 


3°3 mm. 


- @& 


3:1 mm. 


other capricorn described. The ribs are regular and closely placed, 
until a diameter of 20 mm. (25 toa whorl), after which they are 
separated by wider spaces (18 to a whorl). The arrangement of 
the ribs on the inner whorls thus resembles that in A. brevilobatum. 


Diameter. Whorl height. Whorl thickness, 
mm. per cent. per cent. 
2 45 64 
3'8 43 60 
11 39 43 
42 36 38 


x2 
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The suture at a diameter of 2 mm. has already a median ventral 
saddle, and the second lateral saddle is present asa low fold near: 
the umbilical line (text-fig. 9a, p. 281). The first denticulation of 
the suture appears on the dorsal margin of the external saddle at a 
diameter of 3°5 mm. A little later (after two sutures) the saddle: 
is divided into three nearly equal terminal folioles (fig. 94). At. 
the diameter of 3°8 mm. the first lateral lobe is feebly trifid, while 
the first lateral saddle has two unequal divisions (fig. 9¢). These: 
features become more distinct in the next whorl: the second lateral 
saddle, though still undivided, is of greater ate and the first. 
auxiliary 1s present. 

Occurrence.—The specimens figured are from the dedalicosta 
sub-zone of Bracebridge (Lincoln), where similar forms also occur 
in the Ozstoceras sub-zone. It is also found in Yorkshire at a 
similar horizon.! 

A. crescens is distinguished by its stout form from all capricorns 
except Liparoceras sparsicosta, from which it differs in having 
cost undiminished and slightly curved on the periphery and in 
having a very shallow inferior lateral lobe. 


AMBLYCOCERAS DISSOTYPUM, sp. nov. (PI. XXIII, figs. 1 a—-le;. 
text-fig. LO a, p. 283.) 


Dimensions of holotype :— 


Diameter. Whorl height. Whorl thickness. 
100 mm. 44 per cent. 36 per cent. 
65 45 P44 
46 37 40 


A transitional form, showing capricorn inner whorls, the outer 
whorl expanded and bituberculate. Suture more complicated, but. 
otherwise similar to that of A. crescens. 

Development.—Capricorn ornamentation commences early ?n 
development, fine ribs being present (20 to a whorl) up toa diameter 
of 12 mm. From this stage the ribs are more widely spaced (14 to 
a whorl): such a sparsicostate stage precedes the development of 
a bituberculate swollen whorl in several series. After the diameter 
of 36 mm. is reached, the ribs divide into two or three on the 
venter ; tubercles appear on the outer margin at 60 mm. diameter, 
and the ribs are much less prominent. The inner tubercles are 
but feebly developed. 

The arrangement of costz and the depressed shape of the inner 
whorls in this ammonite thus recall A. erescens, from which it 
presumably is derived. 

.Occurrence.—The type-specimen of A. dissotypum was col- 
lected in the dedalicosta sub-zone at Bracebridge, near Lincoln. 
It is distinguished from other Liparoceratids of this stage by its 
suture, with shallow first lateral lobe, and by its peripheral rib- 
curve. 


1 §. S. Buckman, ‘Geology of the Country between Whitby & Scarborough’ 
Mem. Geol. Surv. 2nd ed. (1915) p. 69. 
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Fig. 10.—Sutures of Amblycoceras spp. 


| Fis, 


50 mm. 
A. dissotypum 
(Lincoln). See 
Pl. XXIII, fig. 1. 


b 


18 mm. 
A. crescens 
(Lincoln), See 
Pl. XXIV, fig. 1. 


eo 


Cc 


30 mm. 

A, brevilobatum 

(Leckhampton). 

See Pl. XXIV, 
fig. 3. 


> 


d 


3°5 mm. 
(The same.) 


e 
2 mm. 7 
(The same.) 
E. OISTOCERAS. 


OISTOCERAS OMISSUM (Simpson). (Pl. XXYV, figs. 2 a—-2h; text- 


fig. 11, p. 284.) 
Refigured, 1, vol. i, No. 27. 
Compare A, maculatum angulatum Quenstedt (4, pl. xxxiv, figs. 11 & 12). 


Umbilicus. 


Dimensions of figure (in 1, No. 27) :— 
Whorl thickness. 
54 per cent. 


Diameter. Whorl height. 
28 mm. 25 per cent. ? 32 per cent. 
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Suture simple; first lateral lobe narrow, external saddle wide 
with three unequal folioles (fig. 11 7, below). 

Development (Pl. XXV, figs. 2a—2h).—Specimens studied 
were from the Ozstoceras sub-zone, Waddington, near Lincoln 
(7, p. 104). 

The protoconch is about 0°63 mm. long, and is of normal shape 
with a narrow azygous saddle. Ribs appear at a diameter of 


Fig. 11.—Sutural development of Oistoceras omissum (Lincoln). 


Specimen figured in Pl. XXV, fig. 2. 


2 mm. at the commencement of the second whorl, but do not 
cross the venter until a diameter of 9 mm. is reached. The ribs 
have an arrow-like forward projection on the periphery. Through- 
out development the ribs are fine and regularly spaced, the number 
of ribs to a whorl increasing steadily with growth; thus, at a 
diameter of 80 mm., there are usually thirty ribs on the last whorl. 
In some species (O/stoceras jfigulinum) the number becomes 
reduced in the adult or in old age. 
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Diameter. Whor!l height. Whor! thickness, 
mm. per cent. per cent. 
0°8 40 73 
iD 43 64 
3°5 42 56 
8:0 42 42 
16°0 36 37 
28:0 28 28 


The shell is usually very thick, and the sutural development is 
therefore difficult to study in well-preserved specimens such as 
those found at Waddington. The sutural development resembles 
that of other capricorns in that: 

(1) The first suture has a narrow, undivided, median saddle (fig. 11 a). 
(2) The second suture has a shallow external lobe without a siphonal 
saddle (fig. 11 6). 


(3) A minute siphonal saddle has appeared in the external lobe, which 
is deeper than the lateral lobes, by the fourth suture (fig. 11 c). 


(4) The first denticulation appears on the dorsal side of the external 
saddle. 


Oceurrence.—Oistoceras sub-zone, Yorkshire and Lincolnshire. 


OISTOCERAS FIGULINUM (Simpson). (Fig. 12 6.) 
Refigured, 1, vol. i, No. 26a. | 
An advance on Oistoceras omissum; the number of ribs on 


Fig. 12.—Oistoceras alleotypum (a) and O. figulinum (0) ; 
both from Lincoln. 


o 
a - 
90 mm. 
2) 
b : 
40 mm, 


[a = Specimen figured in Pl, XXV, fig. 1.] 


a whorl increases in early development, but the ribs of the last 
whorl are more widely spaced. 

Occurrence.—Otstoceras sub-zone, Yovkshite: Lincolnshire, 
? Dorset. 
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OISTOCERAS CURVICORNUM (Schleenbach). 


Ammonites curvicornis Schloenbach, ‘ Ueber den Eisenstein des Mittleren 
Lias in Nord-West Deutschland, &c.’ Zeitschr. Deutsch. Geol. Gesellsch. 
vol. xv (1863) p. 522 & pl. xii. 

This differs from A. curvicornum Wright (8, pl. xxxi, figs. 3 
& 4) in having a rounded venter, that of the latter Leing 
flattened. Wright's form has also more prominent tubercles. 
The probable relations of these species are shown in Table ITI. 


Taste III, showing the probable relationships of the species 
of the Liparoceratide. 


Zones and Sub-Zones 


pee 


Oistoceras nautiliformis 
margaritatus alloeot ypum | 
O.curvicornum,Wt. O.curvicornum.Sch - : ; ‘G 
Oistoceras 0.figulinum O.cf’Figulinum Bechateres ‘ 
bechei 
} O.omisSum | : 
| d, : | ' 
Androgynoceras | Aegoc rag. | : 
divaricosta daedalocosta I ' 
daedalocosta I "s  Amblycoceras | : 
| A?henleyi . dissotypum ae 
» | rsd 
i A.crescens te 
A.hybrida | r 
7 Fire | A.?Sinuosum 
j | {| A,brevilobatum 
latazecosta ; | | se ; ‘ 
A.obtusicosta a A.latzecosta 
A.maculatum Fi A.aequicosta | neat f 
| , ; # s 
: z ite : 
+9 J | M4 ¢ r) : < ’ ' 
we P ' 
iparoceras ' ’ 
Ry chelfiense Lnpterpeers: ' 
ions ¥ \enmmoet L.obtusinodum Pasir pcan H H 
y U heterogenes . 
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‘ ?A.adnethicus 
Parinodiceras | ‘ EE LE FEET IMP Ol MORES H 
| fone eee e eee ne cence eee ened <s 
| 1\ L 
Vicininodiceras - ay SY 


‘ 
| ; 
: 


~~ — oo 


[ Continuous vertical lines= proved range of the genus; broken lines= probable 
range ; dotted lines indicate affinity ; for dzdalocosta read dexdalicosta. | 


O. curvicornum (Schleenbach non Wright) may be represented at 
Waddington, near Lincoln. The form figured by Wright occurs 
at a corresponding level (the Ozstoceras sub-zone) in Dorset. 

In each of these series three types may be distinguished : 


(1) With peripheral costz sharp and distinct. 
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(2) With a fold passing straight across the venter, the rib-curve being 
indicated by striations only. 


(3) Without folds on the periphery ; curved striations only. 


It does not seem necessary at present to create new species for 
these forms. 


OISTOCERAS ALL@OTYPUM, sp. nov. (Pl. XXV, figs. la & 1b; 
text-fig. 12 a, p. 285). | 


Dimensions :— . 
Diameter. Whorl height. | Whorl thickness. Umbilicus. 
90 mm. 40 per cent. 37 per cent. 38 per cent. 
45 35 35 44 


A heterogenes-like form (morphic equivalent of Androgynoceras 
hybrida) with capricorn ornament on the inner whorls, the last half 
of the outer whorl swollen and having more slender coste and two 
rows of tubercles. The forward curve of the ribs on the periphery 
is clearly shown. . 

Capricorn ribs are retained until a diameter of 70 mm., when 
_ the shell is scarcely different from O. figulinum. 'The cost are 
regular up to a diameter of 40 mm., after which they are more 
widely spaced. ‘Two rows of tubercles are present on the outer 
whorl, but those of the inner row are very feeble. The ribs divide 
at the outer tubercles, passing with a sharp bend across the 
slightly-angular (convexi-fastigate) venter. Suture complex, but 
on the same plan as Ovstoceras omissum; deep and narrow external 
lobe with a high median saddle, half as high as the external saddle. 
This latter is asymmetrically divided, being deeply undercut on the . 
dorsal side. The first lateral lobe is nearly as deep as the external 
lobe, and is terminated by three unequal lobules. 

Occurrence.—Lower margaritatus zone, Bracebridge (Lin- 
coln). 

O. alleotypum is distinguished by its whorl shape from its 
morphic equivalents in other series, its subangular venter most 
resembling A. hybrida. Its generic position is indicated by its 
peripheral rib-curve and its suture. 


F. BECHEICERAS, gen. nov. (See p. 263.) 


BECHEICERAS BECHEI (Sowerby). (Fig. 18, p. 288.) 


Compare Ammonites bechei A. d’Orbigny (3, pl. Ixxxii) and Hgoceras bechei 
Wright (8, pl. xli, figs. 1-2). . 


A. bechei, formerly considered by many workers to be synony- 
mous with 4. striatus or A. henleyi, has generally been applied in 
more recent years to the finely-ornamented sphzrocones of several 
series of the Liparoceratide. The sutural characters pointed out 
(fig. 1 6, p. 258) restrict the name to ammonites of the Becherceras 
series only. 


C202 LL | 
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A typical example of Becheiceras bechei was obtained by 
Dr. Lang from the Upper Limestone (Ozstoceras sub-zone) of 
Dorset (W.D. Lang Coll. No. 4073). This remains smooth until 
the diameter of nearly 20 mm., when it becomes finely bitubercu- 
late; the capricorn stage through which this series presumably 
passed is omitted in development. 

There is, therefore, little change in whorl shape. 


Diameter. |= Whorl height. Whorl thickness. Umbilicus. 


6 mm, 46 per cent. 67 per cent. — 
12 50 58 16 per cent. 
28 56 56 11 
41 53 53 — 


Fig. 13.—Sutural development of Becheiceras bechei 
(W, D. Lang Coll. No. 4073). 


75 mm. 


Ammonites which constitute an earlier stage in the B. becher 
series occur in the de@dalicosta sub-zone of Dorset; they have a 
somewhat wider umbilicus than B. bechez. 

It has already been indicated that B. bechei is very similar to 
certain finely-ornamented forms in other series. The following 
points of distinction are useful :— 


(1) The sutural proportions (text-fig. 1b, p. 258). 


(2) At all stages in development the whorl thickness of B. bechei is less 
than in corresponding stages of Liparoceras. 


(3) The young of B. bechei is smooth for a longer period than the young 
of other forms. 


G. PARINODICERAS, gen. nov. (See p. 264.) 


PARINODICERAS REINECKII (Quenstedt) (4, pl. xxviii, fig. 5). | 


A compressed sphzrocone with smooth inner whorls (no capri- 
corn stage). Bituberculate, tubercles paired, regular, nearly forty 
in each row, the two rows widely separated. The ribs do not 
divide on the lateral area, but divide into two or three on the 
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periphery, where they are very prominent. “No longitudinal stria- 
tions visible. Suture complex; external lobe deep and narrow, 
with a high median saddle, external saddle high, not extending 
quite to the outer row of tubercles, first lateral lobe a little deeper 
than the external lobe. This species differs from P. parznodum 
(Quenstedt) 4, pl. xxviii, figs. 16-17, in the greater arch of the 
periphery. : 
A typical specimen in the collection of Mr. Buckman (No. 2098), 
from Radstock, Somerset (valdani zone), has the dimensions : 


Diameter. Whorl height. Whorl thickness. Umbilicus. 
140 mm. 60 per cent. 39 per cent, 9 per cent. 


H. VicININODICERAS, gen. nov. (See p. 264.) 


VICININODICERAS SIMPLICICOSTA, sp. nov. (Pl. XXIV, figs. 4a 
& 4b.) 
Diameter. Whorl height. Whorl thickness. Umbilicus. 
87 mm. 51 per vent. 58 per cent. 20 per cent. 


A bituberculate spherocone; whorls round, inner whorls smooth 
(no capricorn stage). Tubercles paired, at wide intervals on the 
outer whorl (about twenty in each row); the two rows very close 
together, the inner row being high up on the whorl. Ribs simple, 
annular, with a faint backward curve on the periphery, not dividing 
at the tubercles; only about a sixth of the ribs of the outer 
whorl bear tubercles. Except in one case the tubercles are broken 
off; they are longitudinally elongated, and appear to be placed on 
one rib, touching the ribs on each side. 

Suture very complicated, with a deep external lobe and high 
median saddle, the first lateral lobe wide and slightly deeper than 
the external lobe; the whole of the external saddles and part of 
the first lateral lobe are ventral to the outer row of tubercles. 

V. simplicicosta is distinguished by its paired tubercles from all 
Liparoceratids, except Parinodiceras and A. striatus Reinecke, 
from both of which it differs in having undivided ribs and the 
tubercles placed close together; it is further distinguished by the 
form of the whorl. 

Only three specimens of this ammonite have been examined ; 
they are in the collection of Mr. J. W. Tutcher, who obtained 
them at Radstock, Somerset (valdani zone). 


VII. PuHyLoGEeny AND GENERAL CONSIDERATIONS. 


Early Capricorn Forms. 


Although the capricorns of the Liparoceratidze are most abundant 
in the davai zone, yet more primitive capricorns have been found 
as low as the orynotum and raricostatum zones. ‘Two such forms 
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have been described as Androgynoceras siphunculare and A. in- 
tegricostatum, which occur in the gagateus band (oxynotum zone) 
of Robin Hood’s Bay. These ammonites are smooth until a 
diameter of 3 mm., and their sutures are simpler than those of the 
later forms at corresponding diameters.! 

The species figured by Reynés (6, pl. 1, figs. 26-82, pl. xlv, 
figs. 47-49) from the raricostatum zone (A. strius and A. vesta) 
are very little more advanced than these forms. A. czrcwmdatus 
Reyneés (6, pl. xxvii, figs. 19-22) described from the bucklandi 
zone and placed by Mr. Buckman on the line of descent of the 
capricorns,” is probably a member of another series, and cannot be 
considered as the early ancestor of the Liparoceratide ; but it may 
represent an offshcot from their ancestral stock. 

It is probable, however, that the capricorn forms possessed their 
essential characters at a comparatively early date; thereafter 
evolution proceeded slowly for some time, and consisted solely in 
the acceleration of the capricorn ornament and the increase of 
complication of the sutures. The development of bituberculation 
and the sphzrocone form in each series was comparatively sudden ; 
this period of rapid evolution appears to have frequently followed 
the arrival of a series in this area. 


The Pre-Capricorn Ancestor. 


It has been shown that the inner whorls of the Liparoceratide 
are invariably smooth and depressed, with a relatively-narrow 
umbilicus; the young of many ammonites of various families have 
a similar form. Prof. J. Perrin Smith has suggested? that the 
Glyphioceras-like young may be explained in two ways :— 


(1) They may indicate that all ammonites are descended from a Glyphio- 
ceras-like ancestor. 


(2) This form of shell may be ccenogenetic and not palingenetic ; that is, 
it may be acquired owing to its suitability during the early life of 
all ammonites, and may have no reference to the form of the 
ancestor. 


In support of the latter view it may be mentioned that the 
protoconch of every ammonite has a depressed form of aperture ; 
it is, therefore, probable that the succeeding whorls will gradually 
become more elevated until they attain the adult shape. That is 
to say, the depressed inner whorls may be a result of the form of 
the protoconch, and may be independent of the form of the 
ancestor. 


1 Thus the suture of A. siphunculare (Whitby Museum, No. 485) at a dia- 
meter of 20 mm. has an external saddle divided simply into three terminal 
folioles, and a first lateral lobe with three small lobules, a stage which is 
attained by the suture of the capricorns described previously at a much 
smaller diameter (figs. 2e, 9d, 11g, pp. 266, 281, 284). . 

2 §. 8. Buckman, Q.J.G.S8. vol. liv (1898) table ii, facing p. 451. 

3 * Acceleration of Development in Fossil Cephalopods’ Stanford Junior 
University Publications, 1914. 
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The former view has been maintained by Mr. Buckman,! who 
suggested that Cymbites is the ancestor of many Mesozoic ammo- 
nites; the inner whorls of ammonites are remarkably similar 
in form to those of the adult Cymbites, but also the sutural 
development of many ammonites suggests that they arose from a 
Cymbites-like ancestor. It must further be noticed that there are 
numerous transitional forms which appear to connect globose 
(Glyphioceras-like) species with ammonites of many families,” a 
fact which appears to indicate the truth of Mr. Buckman’s. 
suggestion, but cannot easily be reconciled with the second view 
put forward by Prof. J. P. Smith.® 

These globose ammonites have generally been called Cymbites 
globosus : the name has probably been used, however, to cover several 
species which differ little in outward form, but have a long vertical 
range*; from this central group the various ammonite-families 
may have arisen at different times. 

The Triassic ancestor of Cymbites (and so, perhaps, of most 
Jurassic ammonites) is probably an involute form, with a depressed 
whorl and simple suture comprised of fewelements. Mr. Buckman 
suggested that Nannites may be the ancestral form®; but, as this 
acquires constrictions in the adult, which are not reproduced in 
Cymbites, it is probably only safe to assume that it is near the line 
of descent of the ammonites. 


General Considerations. 


A genealogy of Jurassic ammonites was given by Mr. Buckman 
in 1898.7 Since that date his own views have undergone con- 
siderable modification, and it must be stated that some of the 
_ differences between that genealogy and the one given here have 
been suggested to me by Mr. Buckman’s subsequent writings. 


1 ¢On the Genus Cymbites’ Geol. Mag. dec. 4, vol. i (1894) p. 360. 
2 For example, in the nodules of the planicosta sub-zone of Dorset the 
following series may be found : 


(1) Cymbites sp. of the C.-levigatus pattern, more evolute than C. globosus. 

(2) Cymbites sp. of the C. berardi pattern, with broad lateral costa and 
smooth periphery. 

(3) Ammonites with broad costs, which pass across the periphery. 

(4) Ammonites of the planicosta group, frequently smooth up to a diameter 
of 8 mm. 


3 If the ‘skipping of stages’ demonstrated in this paper has been of 
frequent occurrence, it may often prove impossible to judge ancestry from 
ontogenetic evidence, and the tracing of numerous connecting forms will be 
necessary in determining genealogies. 

4 Thus the sutural development of examples from the Middle Lias proceeds 
more rapidly than that of specimens from the Lower Lias. 

5 Op. supra cit. 1894, p. 360. 

6 A. Hyatt & J. P. Smith, ‘ Triassic Cephalopod Genera of America’ U.S. 
Geol. Surv. Prof. Paper, No. 40 (1905) p. 78. 

7 §. S. Buckman, ‘ Divisions of so-called Jurassic Time’ Q. J. G.S. vol. liv 
(1898) table ii, facing p. 451. 
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The early evolution of the Echioceratide and the Liparoceratidee 
is parallel, both families developing capricorn ornamentation at 
approximately the same time. In subsequent evolution, however, 
while the Liparoceratidee become expanded and bituberculate, the 
Echioceratide always remain slender, never develop bituberculation, 
and in later stages acquire a carina. Although the early evolution 
of the two families was parallel, separation must have occurred at a 
comparatively early date, for the sutures, even in the young forms, 
are very distinct. 

It is extremely probable that the Hildoceratid» arose from a 
similar stock at a later date; the early evolution resembles that of 
the Echioceratide and the. sutures are similar, but the carina 
becomes more prominent. The Hildoceratidze may comprise several 
parallel lines of descent from a g/obosus-like form. Some specimens 
of Frechiella, a globose ammonite with keeled venter (1, vol. i, 
No. 23), have typical Hildoceratan sutures and may be intermediate 
between the ancestral form and one of the later branches of the 
Hildoceratide. 

It seems probable, therefore, that the Liparoceratidz, Echiocera- 
tides, Hildoceratidze, Polymorphide,! and Deroceratidze * may have 
developed directly from a globose ancestor. Other families, how- 
ever, while they have probably descended from a similar globose 
form, have passed through a subsequent cadicone stage ; thus Hy att? 
regarded Celoceras pettos, a broad-ventered (cadicone) tuberculate 
ammonite, as the acmic tertiary radical of the Dactyloide. Some 
members of the Dactyloide pass through a pettos-like stage with 
eadicone whorls and smooth venter.4 Later Dactyliocerates omit 
the cadicone stage altogether in developnient, an omission which is 
comparable with the skipping of the capricorn stage in the develop- 
ment of the later Liparoceratide. 

The Beaniceras series, to which reference has already been made, 
passes from a tuberculate cadicone toa capricorn, similar in outward 
appearance to the anagenetic capricorns of the Liparoceratide. 
Mr. 8. 8. Buckman, who ) placed Beaniceras with the Liparoceratidee 
(1, vol. ii, p. 277), now agrees with me that its affinities are with 
the Dactyloids, which it resembles in sutural characters and in the 
cadicone ancestry. 

The Amaltheide likewise pass through a cadicone stage, and 
may perhaps be considered as related to the Dactyloids rather than, 


1 A. E. Trueman, ‘Observations on the Genus Polymorphites’ Geol. Mag. 
dec. 6, vol. iv (1917) p. 442. 

sd The Deroceratide have sutural characters (particularly a deep suspensive 
auxiliary lobe) which separate them from the greater part of the Lias 
Ammonites. 

% A. Hyatt, ‘The Genesis of the Arietide’ Smithsonian Contributions to 
Knowledge, No. 673 (1889) p.23. See also A. Hyatt, ‘The Non-Reversionary 
Series of the Liparoceratide, &c.’ Proc. Bost. Soc. Nat. Hist. vol. xv (1872-73) 
oy Aiea 
+ Celoceras fonticulum has a pettos-like stage from the diameter of 5 mm. 
to that of 10mm. After this stage ribs appear on the venter. Some species 
of Porpoceras and Peronoceras show corresponding stages. 
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as Mr. Buckman suggested, to the Liparoceratide (1, vol. u, 
Pp. v7e). 
That is to say, two main groups of ammonites may be recognized 
in the families mentioned :— 
(1) Those which evolved directly from a globose ancestor (Liparocera- 
tide, Hildoceratide, Polymorphide, Echioceratide, Deroceratide). 


(2) Those which have passed through an intermediate cadicone stage 
(Amaltheide, Dactyloide), (See Table IV, below.)' 


Taste IV.—Diagram showing the possible relationships of 
the chief Liassic families of Ammonites. 


Hildoceratidz 


Frechiella 


Amaltheid@ 


Dactyloidz 


Polymorphidze 
Deroceratidz | Liparoceratidz 
Echioceratide l 


Cymbites 


It is interesting to note that a carinate venter is acquired inde- 
pendently in several families of each of these groups, typically in 
the Hildoceratidee and Amaltheide, less prominently in the Echio- 
ceratidee and the Polymorphide and in some members of the 
Deroceratide. The development of a carina is a normal progressive 
feature; and, while it leads to a certain similarity between some 
forms, it does not necessarily imply any close relationship. 


VIII. REFERENCES TO LITERATURE. 


1. 8S. S. Buckman, ‘ Yorkshire Type Ammonites’ vol. i, 1909-1912; vol. ii, 
1913-1914. 

2. A. Hyart, ‘ Fossil Cephalopods of the Museum of Comparative Zoology’ Bull. 
Mus. Comp. Zool. Harv. vol. i, 1867. 

3. A. D’OrBIGNY, ‘ Paléontologie francaise: Terrain jurassique—I. Céphalopodes. 
1842-51. 

4, F. A. QuenstEeptT, ‘ Die Ammoniten der Schwabischen Jura: Der Schwarze 
Jura (Lias)’ vol. i, 1883-1885. 

5. J.C. M. Retnecxk, ‘ Maris protogexi, &c.’ 1818. 

6. F. Reynés, ‘ Monographie des Ammonites’ 1879. (Text incomplete.) 

7. A. E. TruEeMAN, ‘The Lias of South Lincolnshire’ Geol. Mag. dec. 6, vol. v, 

_ pp. 64-73, 101-111, 1918. 

8. T. Wrieut, ‘Monograph of the Lias Ammonites of the British Islands’ 

Palzontographical Society, 1878-1886. 


1 It does not necessarily follow, however, that the cadicone form of whorl 
has not been developed in groups that are unrelated. 
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EXPLANATION OF PLATES XXI-XXV. 


[All the specimens, except where otherwise stated, were collected by the 
Author, and are now in the collection of the Geological Department, University 
College, Nottingham. | 


Fig. 1. 


Fig. 1. 


Fig. 1. 


Fig. 1. 


PLATE XXI. 


Liparoceras tiara, sp. nov. X ‘8. 
Yellow Lias (hemera of Beaniceras), collected during excavations: 
for a bridge near Manor Farm, Gotherington, Cheltenham. (L. Rich- 
ardson Coll.) 


. Liparoceras sparsicosta, sp.nov. X °*7. 


From a well at Queen’s Wood cottages, Prestbury, near Chelten- 
ham. (L. Richardson Coll.) ° 


. Liparoceras sparsicosta, sp. nov. 


From Napton (Warwickshire). 

a. Section showing the retention of the depressed form of whorl 
x 3; b& c. Inner whorls, at a diameter of 1:14 mm. x 4; d&e. 
Early chambers x 20, showing protoconch and siphonal caecum. 


. Liparoceras cheltiense Murchison. 


From the Battledown Brick-Pit, Cheltenham. 
a & b. Specimen X °54. c¢ & d. Inner whorls of the same xX 1°6, 
showing the fine ornamentation, the first tubercles being unpaired. 


PLATE XXII. 


Androgynoceras divaricosta, sp.nov. a & b X°45; c. Inner whorl at 
the diameter of 22 mm. From the dedalicosta sub-zone, Brace- 
bridge Pit, Lincoln. 


. Androgynoceras obtusicosta, sp.nov. ‘5. From the latecosta sub- 


zone, Bracebridge Pit, Lincoln. 


. Aigoceras dexdalicosta, sp. nov. X *28. From the Red Band, St. 


Gabriel’s Water (Dorset). (W. D. Lang Coll., No. 3862.) 


PLATE XXIII. 


Amblycoceras dissotypum, sp.nov. a&b x *6; c= Whorl shape at the 
diameter of 44 mm. From the dexdalicosta sub-zone, Bracebridge 
Pit, Lincoln. 


. Beaniceras sp. Inner whorls. X 2°5. From Napton (Warwick- 


shire), (C. H. Watson Coll.) 


. Aigoceras aff. latecosta Sowerby. a xX ‘4; b= Whorl shape x ‘8. 


From the Lower Limestone, latxcosta sub-zone, Dorset. (W. L. 
Lang Coll., No. 1566.) 


. Aigoceras aff. latzecosta, development. a,b, & c. Inner whorls at the 


respective diameters of 1:4 mm., ‘95 mm., ‘7 mm.; d. Earlier cham- 
bers, showing ‘ prosiphon,’ x 20. From the (?) latecosta sub-zone, 
Stonebarrow (Dorset). (W. D. Lang Coll., No. 534.) 


PLATE XXIV. 


Amblycoceras crescens (Hyatt). :°‘73. From the dexdalicosta sub- 
zone, Bracebridge, near Lincoln. ce 


. The same. Inner whorls at the diameter of 3°7 mm. xX 11. 
. Amblycoceras brevilobatwm, sp.nov. X 6'5. Front view of holotype, 


figured by Mr. L. Richardson (in ‘The Geology of Cheltenham, &c.’ 
1904, pl. xv, fig. 7). 


. Vicininodiceras simplicicosta, sp.nov. X ‘65. From the ‘ valdani- 


zone, Radstock (Somerset). (J. W. Tutcher Coll.) 


. Cymbites sp. From the planicosta sub-zone, Lyme Regis (Dorset). 


Sections of inner whorls. a, x 4; 6, XK 20. 


Quart. Journ. Geol. Soc. Vol. LXXIV, Pl. XXI. 
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AMBLYCOCERAS, VICININODICERAS, CYMBITES. 


uart. Journ. Geol. Soc. Vol. LX XIV, Pl. XXV. 
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OISTOCERAS. 
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Fig. 1. Oistoceras alleotypum, sp.nov. X°*52. From the lower beds of the 
margaritatus zone, Bracebridge Pit, Lincoln. 
2. Oistoceras omissum Simpson. Development. From the Oistoceras 
sub-zone, Waddington, near Lincoln. c,d—Inner whorls xX 32; 
e, f=Inner whorls X 37; g, h=Protoconch xX 47. 


DISCUSSION. 


The Prestpent (Mr. G. W. LampiueH) congratulated the 
Author on his lucid exposition of an intricate subject, and com- 
mented on the high importance, both to biologists and to strati- 
graphers, of intensive paleontological studies of this kind. He 
wished, at the same time, to call attention to the difficulties felt 
by the field-geologist, when robbed of his crude nomenclature of 
the commoner fossils by the precise definition and complicated 
analysis now attempted by the paleontologists. For general 
service some kind of name was essential, but was becoming 
increasingly difficult to acquire or retain. For example, it 
was most desirable to be able to express, as proof that certain 
beds were Upper Lias, that they yielded Ammonites communis, 
bifrons, and serpentinus, for every geologist would understand 
the statement. It might be based, quite soundly, on material so 
poor that no paleontologist could name the specimens, or so good 
that only a very small number of specialists in these particular 
forms would dare to do so. The growing difficulty would have to 
be met by some means, even if it entailed a duplication of nomen- 
clature. We might have to continue to use indispensable names 
in a general sense, perhaps with some indication by type or symbol 
to warn the specialist. 

The Secretary read the following communication from Mr. 


S. S. BucKMAN :—- 


The title of this paper is a tribute to Alpheus Hyatt. 1 is just over 
50 years ago that Hyatt published his remarkable scheme of Ammonite 
families and genera—a scheme so advanced for its time and so revolutionary 
that it found no acceptance in Europe for many long years. Here the later 
but far more modest scheme of Waagen held the field, yet even that was very 
strongly condemned as an undesirable innovation. I can remember in the 
‘seventies’ the discussions of leading geologists and my father when they met 
at his table after their field excursions—the prophecies of disaster to palee- 
ontology, which would become quite distasteful to students from the multitude 
of new names. And now we see how these predictions have been falsified. A 
young student in almost his first paper takes one of Hyatt’s original families, 
actually only a small portion of Waagen’s genus A/goceras, and finds it now 
divided into five genera, which he accepts. But in his critical analysis he 
discovers that these genera are insufficient: he promptly increases them by 
80 per cent., admitting at the same time that many foreign species of the 
family must remain outside of them, so that the number of genera in this 
one family is not quite complete. Further, he shows his grasp of the subject 
by clearly stating the distinctions of the genera in a few words. 

The family Liparoceratide is very interesting. In its geological distribu- 
tion it illustrates the principle of faunal repetition alluded toin my last paper 
communicated to the Society. In its morphology, showing successive waves of 
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capricorns developing into bituberculate spherocones, which may perhaps 
unduly hearten the protagonists of orthogenesis, it shows the difficulties that 
confront the field-geologist until a study like the Author’s places facts in a 
clear light. In its biological development it illustrates the various phases of 
palingenesis which in ‘ Yorkshire Type Ammonites’ I have called saltative, 
cunctative, precedentive. In the last, the hastening in development of one 
feature faster than another, we seem to have the clue to the origin of species— 
it makes for diversity of genera; while tachygenesis, or the earlier acquirement 
of characters, gives the differences, of species. What was the cause of pre- 
cedentive palingenesis touches the debatable ground between Weismannism 
and Neo-Lamarckism. I confess to a predilection for the latter—that the 
variations of the germ-plasm were not fortuitous, but, in some way, reflect 
modifications of the somatic cells induced by their responses to differences 
of environment. Data for solving this problem are required, and evolutionary 
studies such as those presented by the Author may be of great assistance. 

Time forbids notice of many other interesting points in regard to the 
Liparoceratidz, but one especially may call for remark. Again and again 
the genera reach the position of flourishing sphzrocones, only to die out 
suddenly. By analogy with other Ammonite stocks there should have been a 
long period of catagenesis in front of them, passing to serpenticone stages 
again, with loss of ornament, and even with possibilities of renewed ana- 
genesis. But nothing of this kind seems to happen—each stock appears to 
come to a dead end at the height of its career, or thereabouts; while the 
latest genus of all is the most flourishing spherocone of the family. 

In the Geological Table of his abstract the Author places Beaniceras as a 
capricorn, though, later, excluding it from the Liparoceratide. Beaniceras 
is a catagenetic capricorn following a unituberculate cadicone: the others are 
anagenetic capricorns. The family position of Beaniceras is doubtful. It 
occurs to me to ask where in the Liparoceratids is the unituberculate stage 
which in other Ammonite stocks precedes the bituberculate: do the massive 
ribs of capricorns really represent it? When he had nearly completed his 
investigations the Author showed me some of his interesting results, and, if I 
remember rightly, he had found in the ontogeny of some Liparoceratids traces 
of a temporary catagenetic capricorn condition. Now, it may be suggested 
that there is a non-sequence in the ontogeny of the capricorns (saltative 
palingenesis); that in the phylogeny there was a unituberculate cadicone 
stage which is omitted in the capricorn ontogeny, in the same way as the 
capricorn stage is omitted in the ontogeny of the sphewrocones; and that 
Beaniceras is the genus which has preserved this unitubercular cadicone stage 
in its ontogeny, and shows it fading into capricorn. Is the temporary cata- 
genetic capricorn condition a relic of this ? 

In conclusion, I congratulate the Author on an excellent piece of work. It 
is to be hoped that he will deal with other families in the same way, though 
in some (owing to mineral condition) suitable material is hard to come by, 
numerous though the specimens be. 


Dr. A. M. Davies congratulated the Society and the Author 
on a first paper so valuable and so clearly set forth. He confined 
his comments to one aspect of the subject: What was the meaning 
of such developments as that from ribbed capricorn to tuberculate 
_spherocone, repeated time after time in the same stock ? Was 
it adaptation to a changed environment? He found it difficult 
to believe this, and felt that we must here face a problem of 
evolution more fundamental than even that of Darwinism versus 
Lamarckism, both of which deal with adaptative evolution. He 
had been led to a conception of a varying ‘margin of elasticity’ 
between organism and environment. When this margin is narrow 
we have strictly adaptative evolution, as in the striking case of the 
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Mammalia; but, when it is wide, evolution may cease to be guided 
by environment, and orthogenesis may have free play. If change 
of environment narrows the margin, a possible result may be sudden 
extinction. ‘The mode of life which appeared to afford the widest 
margin of elasticity was the microphagous; and he put forward 
as a speculation that the ammonites were not carnivores like 
modern cephalopods, but had reverted to the microphagous habit. 

Prof. H. H. Swinnerron said that he had been in close touch 
with the Author while the work was being done, and could 
testify to the care with which the material had been collected. 
The Author had exercised due restraint in making new species ; 
and, in the formation of new genera, had attempted to give them 
names descriptive of the ammonite, and therefore capable of being 
incorporated ultimately into a scientific nomenclature. He had 
been interested in the account of the way in which the capricorn 
stage was eliminated from development, and suggested that one 
factor in the process may have been the close similarity in general 
form between the globose early’ stage and the spherocone late 
stage. He congratulated the Author upon the clearness with which 
he had set forth the subject-matter of his paper. 

Dr. W. D. Lane suggested that the potentiality (demonstrated 
in this paper in the case of Liparoceratid Ammonites, and 
by other writers in various groups of animals), in primitive or 
radical forms for producing similar, definite, and progressively more 
complex structures in all its descendant lineages, should be distin- 
guished from the Mendelian Factor, which, at first sight, it would 
appear to resemble. For example, it might be said that an evolute 
Liparoceratid carried the factor for involution; that, by the 
liberation of an inhibiting factor, the involution became actual. 
But, on the theory of the Mendelians, each such factor has a 
corresponding structural basis, so that the more (inhibited) factors 
are present, the more complex the structure of the nucleus that 
carries them. With potentiality, on the other hand, the simpler 
the organism is, the greater are its potentialities; and, though (as 
exemplified in Corals and Polyzoa, for example), the method of 
evolution often suggests that inhibitions are removed (perhaps by 
environmental changes affecting metabolism generally, and internal 
secretions in particular), whereby latent potentialities are liberated 
freely, as seen in wholesale outbursts or waves of evolution; yet, 
there is no reason to suppose that a potentiality is correlated with 
a definite structure. And, even in the case of the Mendelian 
Factor, such an assumption is in danger of ultimately leading to 
absurdity, if, as many Mendelians hold, a new character can only 
arise by the removal of an inhibiting factor: for the simplest 
organisms must then have the most complex nuclei—which, if not 
absurd, is at least improbable. 

The AurHor, in reply to the President, pointed out that, while 
it was undesirable to use the names Ammonites striatus and 
A. capricornus with the wide meaning formerly given to them by 
stratigraphical workers, yet such terms as ‘capricorn ammonite’ 
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and ‘ striatus-like ammonite’ could be so used. He agreed with 
Mr. Buckman that there is little indication of the catagenetic 
changes which one would expect to follow the spherocone stages ; 
the beginning of catagenesis is shown, however, by a tendency to 
return to paired tubercles in some imparinode series. A unituber- 
culate stage occurs in some series, and it did not seem necessary 
to him to suppose a Beaniceras-like ancestor representing this stage. 
Replying to Dr. Davies and Prof. Swinnerton, the Author said that 
the ‘skipping’ of the capricorn stage was accompanied by the 
omission of the slender-whorled stage, leading to the direct develop- 
ment of the involute form. He did not think that changes in 
the nature of deposits had any relation to changes in the form of 
the shell. In conclusion, he wished to thank the Fellows present 
for the kind reception accorded to his paper. 
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Annual General Meeting, ix et seqq. 

Antarctic ice-cap, features of, xc—xci. 

Anti-stress minerals, lxxvii—lxxviii. 

Archean rocks of Mysore State, 
Ixxxili-lxxxvy; see also Pre-Cam- 
brian. 

Ar cheopterya, radiogram exhibited, 
vi—vii. 

Ash, voleanic associated w. Trefriw 
pyrites-deposit, 109-10. 

Assets, statement of, xxxix. 

Aston Glebe (Derbyshire), gypsum, 
&c. at, 182-83. 

Auditors elected, viii. 

‘ Augen ’-gneiss of Ligonia R., 54. 

Augite in Nrassi granite, 50-51 w. 
chem. anal. 

Augite-granites, &c. of Mozambique, 
71-73. 

Aymestry Limestone, 225, 226-28. 


Balance-sheet for 1917, xxxiv—xxxv. 

‘ Balls’ of gypsum, &c., 187 et seqq. 

BARLOW-JAMESON Fund, list of re- 
cipients, xxxi. 

BARNARD, J. E. (& E. Heron-Allen), 
on the ‘Application of X-Rays to 
the Determination of the Interior 
Structure of Microscopic Fossils, 
particularly with reference to the 
Dimorphism of the Nummulites, 
iv—vi. 
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Barrows-Hill Quarry (Somerset), Inf. 
Oolite of, 169 & table facg. 170. 

Barton, E. W. E., 80. 

Bayston Group, correlat. w. Old Rad- 
nor Longmyndian, 10-13. 

Beaniceras, 266 fig., 268. 

Becheiceras, gen. nov., 263. 

bechei, sp. nov., 287-88 fig. 

Bett, R., obituary of, lviii. 

Bibliography of Old Radnor district, 
2-3; of Shap minor intrusions, 
117-18 ; of Inf. Oolite of Crew- 
kerne district, 172; 
breccia, 201-202; of Silurian of 
Clun Forest, 223; of Liparocera- 
tide, 248-51, 293. 

Braspy medallists, list of, xxx. 

Biotite-gneisses (& gneissose granites) 
of Mozambique, 52-57 & pl. ix; 
heavy residues from do., 57. 

Biotite-granites, &c. of Mozambique, 
76. 

- Biotite-porphyrite of Shap district, 
133 & pl. xiii; basic segregation in 
do., 182 & pl. xiii. 

‘ Bird’s-eye’ (gypsum), 183, 185. 

Boyruz, R., obituary of, lxii. 

Bradfordensis-niortense Beds in Crew- 
kerne district, 150-52, 171. 

Breccia, see Chellaston gypsum- 
breccia. ; 

Brett, C., 248. 

British Museum, commandeering de- 
precated, vii. 

Broadwindsor, see Conegar Hill. 

Bryozoa-beds in Woolhope Limestone, 
18; see also Kelestomiusze. 

BuckuER, W. H. [receives Wollaston 
Medal for C. D. Walcott], xl—xlii. 

BuckMaN, S. S., 248. 

Bucknell (Shropshire), Ludlow Beds, 
&c. of, 236-37 & pl. xx, 241. 

‘ Bullets,’ see ‘ Pillars.’ 

BUTTERFIELD, J. A., Daniel-Pidgeon 
Fund awarded to, Ixxxiii. 


Cae Coch, see Trefriw. 

Caer Caradoc (Shropshire), 224 & 
pl. xix. 

Calcium carbonate, determination of, 
in Ludlow rocks, 227. 

CANTRILL, T. C., 106. 

Carlisle district (Cumberland), gyp- 
sum, &c. in, 184. 

CARR, J. W., 248. 

Cat-hole Lane (Crewkerne), Inf. 
Oolite of, 160 & table facg. 170. 

CHATWIN, C. P., 248. 

Chellaston (Derby), gypsum-breccia 
in its relat. to gypsum-anhydrite 
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deposits of Britain, 174-208 figs. & 
pls. xvii-xviii. 

Chinga district (Mozambique), Pre- 
Cambrian, &e. of, 41, 42. 

Chiselborough Hill (Somerset), Inf. 
Oolite of, 169. 

Chonetes Beds (Ludlow), 225, 226, 
228-31, 237 et seqq. 

Chonetes striatella var., 229-30. 

CLARK, W. B., obituary of, lii. 

Clun-Forest district (Shropshire), 
highest Silurian of, 221-46 figs. w. 
list of foss. & pls. xix—xx. 

‘ Coarsestone’ (gypsum & marl), 177 
et seqq. 

Cocklakes (Cumberland), gypsum, &c. 
of, 184, 185, 195 et seqg. & pl. xviii. 

‘ Cockle Bed’ (Inf. Oolite), 155, 156. 

Cenites repens, 18. 

Conegar Hill (Dorset), Inf. Oolite at, 
153 w. vert. sect. & table facg. 
170. 

Conglomerates (Longmyndian), of Old 
Radnor, 7-10. 

Copper salts, impregnation of base of 
Woolhope Limest. Series with, 14. 

‘Cornstones’ in Temeside Shales, 
235. 

Council, resolution concerning com- 
mandeering of British Museum, 
vii; annual report of, ix—xi; (& 
Officers), election of, xxi. 

Cox, A. H., 242; the Relationship 
between Geological Structure & 
Magnetic Disturbance,  Ixxxvi, 
Ixxxvii—Ixxxix. 

Crewkerne district (Somerset), Inf. 
Oolite & contiguous deposits of, 
145-78 figs. & pls. xiv—xvi. 

Crick, G. C., 248; obituary of, lix. 

Crook, T., Murchison Fund awarded 
to, xlix. 

Cutis, C. G., 96. 

Cycle, the metamorphic, lxvii. 

Cymbites, 291 & pl. xxiv. 


DANIEL-PIDGEON Fund awarded to 
J. A. Butterfield, Ixxxiii; list of 
recipients, xxxi. 

Davis, W. M., the Geological Aspects 
of the Coral-Reef Problem [title 
only |, xxxi. 

Dawkins, W. B., Prestwich Medal 
awarded to, xliv—xlvi. 

Dayia Shales, 225, 226. 

DEELEY, RK. M., elected Auditor, 
Vili. | 

Dharwar System in Mysore, Ixxxiii 
et seqq. 
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Diabase assoc. w. Trefriw pyrites- 
deposit, 109. 

Dinnington (Somerset), Inf. Oolite 
of, 151, 171. 

Diurnal (& nocturnal) frequency of 
earthquakes, 101 & pl. xii; diurnal 
distribution of earthquakes in Italy 
& Japan, 102. 

Dolerites, magnetic effect exerted by, 
lxxxvii—lxxxviii ; dolerite assoc. w. 
Trefriw pyrites-deposit, 110. 

Dolomite assoc. w. anhydrite, &ec., 
196. 

Dolyhir Quarries (Old Radnor), 6, 10 
& pl. vii (map), 14 et seqq.; sect. 
through, 24; fault in, 20, 29 & 
pl. v. 

‘Domes’ of gypsum, &c., 187 et seqq. 

Donors to Library, lists of, xiii—xvii. 

Downton-Castle Sandstone, 225, 226, 
231-34, 237 et seqq. 

Downward percolation, see Perco- 
lation. . 

Draycott-in-the-Clay (Derbyshire), 
gypsum, &e. of, 183. 

‘Drift’ in Clun-Forest district, 224. 

Drimpton (Dorset), Inf. Oolite of, 
1538-54 & table facg. 170. 


Earth- movements in Old Radnor 
district, 22-27; in Clun Forest 
area, 289-40. 

Earthquakes, seasonal variation in 
frequency of, 99-105 & pl. xii. 

Eclogite (& garnetiferous gneisses) 
of Mozambique, 61-62 & pl. ix. 

Election of Auditors, viii; of Coun- 
cil & Officers, xxi; of Fellows, iv, 
viii, lxxxi, Ixxxii, lxxxvi, Ilxxxix, 
xe. 

Espen, J. V., re-elected Treasurer, 
Xxi. 

Equilibrium, chemical, in meta- 
morphosed rocks, Ixvii et seqq. 

Estimates for 1918, xxxii—xxxili. 

Evans, J. W., 96.. 


Fauld (Derbyshire), gypsum, &ce. of, 
183, 194 fig., 195. 

‘Fault’ as equivalent of ‘ coarse- 
stone, 182. 

Faulting in Old Radnor district, 
23 et seqq; in Pre-Cambrian of 
Mozambique, 93-94. 

Favosites hisingeri, 17. . 

Fellows elected, iv, viii, lxxxi, lxxxii, 
Ixxxvi, lxxxix, xc; number of, 
xviii, 
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Fibrous gypsum, format. of, 199- 
200. 

Financial report, xxxii-xxxix. 

Fintayson, A. M., obituary of, 
lxii. 

Five Turnings Outlier (Shropshire), 
237-38, 

Foreign Members, list of, xxii; For. 
Corresp., list of, xxiii. 

Forman, H., & Son, 177, 

Forsterite-limestone of Monapo, 46-— 
49 w. chem. anal. 

‘Foulstone’ (marl & gypsum), 177 
et seqq. 

Francis, J. [exhibits Eifel volc. 
rocks |, lxxxii. 

Franks, G. F., obituary of, lviii- 
lix. 

Furzy Knaps (Somerset), Inf. Oolite 
of, 162 & table facg. 170. 


Garantiana Beds in Crewkerne dis- 
trict, 152, 171. 

Garnetiferous rocks, Mozambique, 
49-50 & pl. viii, 61-62 & pl. ix. 
GAaRWwoop, E. J., on the Geology of 
the Italian Front [title only], 
lxxxix; (& E. Goodyear), on the 
Geology of the Old Radnor District, 
with special reference to an Algal 
Development in the Woolhope 
Limestone, 1—29 figs. & pls. i—vii, 

30. 

GEIKIE, Sir ARCHIBALD, re-elected 
For. Sec., xxi. 

Glomeroplasmatic gneisses, &c, of 
“Mozambique, 52, 55. 

Gneisses of Mozambique district, 42, 
44 & pl. vili, 52-66; correlation 
of same, 84-87 & pl. ix. 

GoopyEAR, E. (& E. J. Garwood), 
on the Geology of the Old Radnor 
District, with special reference to 
an Algal Development in the 
Woolhope Limestone, 1-29 figs. & 
pls. i—vii. | 

Gorpon, W. T., 242. 

Gore Quarry (Old Radnor), 6. 

Gotham (Derbyshire), gypsum, &c 
of, 195, 196. 

Granites (gneissose) & gneisses of 
Mozambique, 52-66; granites & 
pegmatites ibid., 67-80 figs. ; cor- 
relation of same, 84—89. 

Granulites, &c. of Mozambique 
district, 44-45 & pl. viii; cor- 
relation of same, 87-89. 

Graphic granite of Mozambique, 
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GRAY, J. W., 248. 

GREEN, J. F. N., the Igneous Rocks 
of the Lake District, lxxxi—lxxxii. 

GREEN, U., obituary of, lx—lxi. 

Greywackés (& grits) of Old Radnor 
Longmyndian, 67, 

Gypsum breccia of Chellaston in its 
relation to gypsum-anhydrite de- 
posits of Britain, 174-203 figs. & 
pls. xvii—xviii. 


Hagus, A., obituary of, lvii—iviii. 

Ham Hill (Somerset), Inf. Oolite of, 
169-70 & pl. xvi. 

HARKER, A., [addresses to recipients 
of Medals & Funds], xl et seqq.; 
[obituaries of deceased Fellows, 
etc.], li et seqqg.; on the Present 
Position & Outlook of the Study 
of Metamorphism in Rock-Masses, 
lxiii-lxxx. 

Harp-Inn Quarry (Old Radnor), 6, 
19, 20. 

HARRISON, S. E., 248. 

Harwoop, H. F., 74. 

Haselbury Plucknett (Somerset), Inf. 
Oolite at & near, 165-69 & table 
facg. 170. 

Heavy residues, see Residues. 

Helvetian-Tortonian of Nimrud Dagh, 


ii. 

HERON-ALLEN, E. (& J. E. Barnard), 
on the Application of X-Rays to 
the Determination of the Interior 
Structure of Microscopic Fossils, 
particularly with reference to the 
Dimorphism of the Nummulites, 
iv—vi. 

Hill Farm (South Perrott), Inf. Oolite 
of, 157 & table facg. 170. 

Hinpz, G. J., decease announced, 
lxxxii. 

Hinton-Park Quarry (Somerset), Inf. 
Oolite of, 161 & table facg. 170. 
Hodrey Hill (Shropshire), Chonetes 

Beds of, 230. 

Houmss, A., the Pre-Cambrian & 
Associated Rocks of the District 
of Mozambique, 31-97 figs. & 
pls. vili—xi, 98. 

Hornblende - schist of Mukumburi, 
Valley, 45—46 & pl. viii ; h.-gneisses 
(& amphibolites) of Mozambique, 
58-61 & pl. ix. 

HowartTu, W. E., 248. 

Hueues, T. McK., 142; obituary of, 
lii—liv. 

Hutu, E., obituary of, liv. 

Hybrid, use of term in petrology, 

143, 144, 
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Ibrahimo (Mozambique), Pre-Cam- 
‘brian, &c. betw. Mitikiti and, 42 ; 
biotite-gneiss near, 54 & pl. ix. 

Illenus (Bumastus) barriensis, 19. 

Iuuine, V. C., award fr. Lyell Fund 
to, xlix—l. 

Inago Mts. (Mozambique), granite, 
&ec. of, 41. 

Inferior Oolite(& contiguous deposits) 
of Crewkerne district, 145-73 figs. 
& pls. xiv—xvi. 

Inlier of Old Radnor, structure of, 4 
& pl. vii (map). 

Inselberg landscape in Mozambique, 
34-35 figs. ; origin of same, 89-93 
figs. © 

Intermediate intrusives of 
district, 125-87 & pl. xiii. 

Intrusions, minor, of Shap, 116-43 & 
pl. xiii (microscop. sects.). 

Tron-ores, magnetic disturbances due 
to, Ixxxviii-lxxxix ; see also Py- 
rites. 

Irthlingborough (Northants), lxxxviii. 


Shap 


Joints in Mozambique Pre-Cambrian, 
94; in Silurian of Clun Forest, 
240 & pl. xix. 


Kelestoma diagnosed, 211-13 figs. 
gradatum, sp. nov., 213, 214 


g. 

Kelestominz, a subfamily of Creta- 
ceous Cribrimorph Polyzoa, 204— 
20 figs. 

KENNEDY, 
Lxiii. 

Kerkur Dagh (Armenia), ii. 

Kina, W. W., 242. 

Kirkby Thore Quarry (Cumberland), 
gypsum at, 184—85 fig. 

Kirson, A. E., Wollaston Fund 
awarded to, xlviii. 

Kobe, Mount (Mozambique), profile 
seen fr. south & east, 36. 

Koldwi inselberge (Mozambique), 
sketch of, 91. 


H. T., obituary of, 


Lake District, igneous rocks of, 
Ixxxi—lxxxil. 

LAMPLUGH, G. W., 
President, xxi. 

Lane, W. D., 248;. the Kelesto- 

mins: a Subfamily of Cretaceous 

Cribrimorph Polyzoa, 204-19 figs., 
220. 

LAPWORTH, C., 3, 4, 


248; eleeted 
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LAPWORTH, H. [re-elected Sec- 
retary |, xxi; [receives Wollaston 
Fund for A. E. Kitson], xlviii; 
[communicates J. Morrison’s 
paper |, 116. 

LATHAM, B., obituary of, 1xi. 

Lead-uranium ratios & correlation 
of Mozambique Pre-Cambrian, 84 


et seqq, 
Lebi inselberge (Mozambique), sketc 
of, 90 : 


Lrsour, G. A. L., obituary of, lvi- 
lvii. 

Lecker Bridge (Dorset), Inf. Oolite of, 
156-57 & table face. 170. 

Leeps, A. N., obituary of, 1xi. 

Library, annual report of Committee, 
xi—xili; lists of donors to, xili—xvii. 

Ligonia R. (Mozambique), ‘ augen ’- 
gneiss of, 54. 

Limestones, crystalline, of Mozam- 
bique, 46-52 w. chem. anals. & 
pl. viii. 

Iiparoceras, evolution of, 259-60. 

cheltiense, 271-72 figs. & pl. xxi. 

heptangulare, 272. 

heterogenes, 268-69, 270 fig. 

obtusinodum, sp. nov., 269, 270 


fig. 

pseudostriatum, sp. nov., 272— 

73 fig. 

sparsicosta, sp. nov., 265-68 figs. 

& pl. xxi. 

tiara, sp. nov., 272 fig. & pl. xxi. 

zietent, 272. 

Liparoceratide, evolution of, 247-98 
figs. & pls. xxi-xxv. 

Little Windsor (Dorset), 154. 


Longmyndian of Old Radnor district, - 


Lopen (Somerset), Inf. Oolite of, 162. 

LowgE, E. E., 248. 

Ludlow Beds of Clun Forest, 225-46 
figs. w. list of foss. & pls. xix—xx. 
Lurio R., Lr. (Mozambique), Pre- 
Cambrian, &c. of district south of, 

42, 

LyELut Medal awarded to H. Woods, 
xlvi-xlvii; L. Fund, awards to V. 
C. Illing & W. K. Spencer, xlix-l; 
list of medallists, xxviii; list of 
recipients of fund, xxix. 


M‘Kay, A., obituary of, lx. 

Magnetic disturbance in relat. to 
geological structure, lxxxvi—lxxxix. 

Manor-House Quarry (Somerset), Inf: 
Oolite of, 163-64 & table facg. 
170, 
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Map, geological, of Old Radnor In- 
lier, pl. vii; topographical, of Mo- 
zambique district, 32; geol., of 
Ampwihi Crossing, 38; of Monapo 
district, 46; of the Ribawe Moun- 
tains and the Nrassi Basin, pl. x1 ; 
geol., of Trefriw pyrites-deposit, 
108; map showg. Inf. Oolite lo- 

-ealities in Crewkerne district, 146 ; 
map of neighbourhood of Chellas- 
ton, showg. -localities where ala- 
baster, &c. has been worked, 176; 
geol. sketch-map of Welsh Border- 
land, 222; geol. map of Bucknell 
district (Shropshire), pl. xx. 

Mawson, Sir Douagnas, on Some 
Features of the Antarctic Ice-Cap, 
x¢—xcl. 

Melton Mowbray (Leicestershire), 
faulting near, ]xxxvii. 

Memba-Bay district (Mozambique), 
Pre-Cambrian, &c. of, 42. 

Menutton (Shropshire), Ludlow Beds 
near, 239. 

Metamorphism in rock-masses, pre- 
sent position & outlook of study of, 
lxiii-lxxx. 

Miocene of Nimrud Dagh, ii. 

Misterton (Somerset), Inf. Oolite of, 
154-56 & pl. xv, 158-59 & table 
facg. 170. 

Mitikiti (Mozambique), Pre-Cambrian, 
&c. betw. Ibrahimo and, 42. 

‘Mixed Series’ (Shap intrusives), 
127-37 & pl. xiii. 

Mocktree Hill (Shropshire), Aymestry 
Limestone, &c. at, 225, 227, 241. 
Monapo district (Mozambique), cryst. 

limest., &c. of, 46-47 w. map & pl. x. 

Monazite in Mozambique district, 
82-83 & pl. x. 

Morphasmopora diagnosed, 213, 214 
fig. 


brydonet, 215 fig. 

—— jukes-brownei, 216-18 figs. 

Morris, E. J., 106. 

Morrison, J., the Shap Minor Intru- 
sions, 116-43 & pl. xiii (microscope- 
sects.), 144. 

Moysery, L., 
lxxxii—lxxxiii. 

Mozambique district (Portuguese 8.E. 
Africa), Pre-Cambrian, &c. of, 31— 
98 figs. & pls. viii—xi. 

Mukumburi Valley (Mozambique), 
hornblende-schist of, 45 & pl. viii. 
MurcuHison Medal awarded to J. B. 
Tyrrell, xlii-xliv; M. Fund awarded 
to T. Crook, xlix ; list of medallists, 
xxvi; listof recipients of fund, xxvii, 


decease announced, 
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Murchisonxe Beds in Crewkerne dis- 
trict, 150, 171. 

Muscovite-granites, &c. of Mozam- 
bique, 76. 
Muscovite-rutile vein, Monapo Valley, 
47, 73-75 w. chem. anal. & pl. x. 
Mushima, Mount (Mozambique), Pre- 
Cambrian, &c. betw. Chinga and, 
42. 

Mysore State (India), Archean, &c. 
of, Ixxxiii-Ixxxv. 


Nash-Scar Limestone, 20-22. 

Nemagraptus-gracilis zone at Tre- 
friw, 107. 

New Invention (Shropshire), Ludlow 
Beds at & near, 238, 239. 

Newark-on-Trent (Notts), gypsum, 
&c. at, 183-84. 

Nimrud Crater (Armenia), i-iii. 

Niortense-bradfordensis Beds in Crew- 
kerne district, 150-52. 

Nodular masses of gypsum, see ‘ Balls.’ 

Norite, granulitic, of Mozambique, 75 
& pl. x. 

Norray Mts. (Mozambique), Pre- 
Cambrian, &c. north of, 42, 62. 

North Perrott (Somerset), Inf. Oolite 
of, 163-65 & pl. xiv, & table facg. 
170. 

Norwoop, G., 248. 

Nrassi Basin (Mozambique), 
Cambrian, &c. of, 40—41, 42. 

Number of Fellows, XViii. 

Nummulites, determination of interior 
structure by means of X-rays, iv—vi. 


Pre- 


(cium, use of term, 219-20. 

Officers (& Council), election of, xxi. 
Oistoceras, evolution of, 262-63. 
alleotypum, sp. nov., 287 fig. & 
pl. xxv. 

curvicornum, 286-87. 

— figulinum, 285 fig. 

omissum, 283-85 fig. & pl. xxv. 

Old Radnor district (Wales), geology 
of, 1-30 figs. & pls. i—vii. 

Old Red Sandstone (?) of Clun-Forest 

district, 225, 226, 242. 

OupHAM, R. D., a Seasonal Variation 
in the Frequency of Earthquakes, 
99-104, 105 & pl. xii. 

Opaliniforme Beds in Crewkerne dis- 
trict, &c., 149, 170. 

Orthoceras Bed in Woolhope Lime- 
stone, 18. 

Orthoporphyritic dykes of Shap dis- 
trict, 120 et seqq. 
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OswaALpD, F., on the Nimrud Crater 
in Turkish Armenia, i-iii. 


Parinodiceras (gen. nov.) -reineckii, 
288-89. 

PARKER, W. A., obituary of, lxi—lxii. 

PARKINSON, T. W., 248. 

Pegidia papillata, v. 

Pegmatites of Mozambique, 68-70 
figs., 76-80 fig. 

Pelmatoporide, see Kelestomine. 

Penrith district (Cumberland), gyp- 
sum, &c. in, 184-86. 

Pentamerus Grits, 20, 21. 

Percolation (downward) theory of 
formation of gypsum, 188-89. 

PERLEY, Sir GEORGE [receives Mur- 
chison Medal for J. B. Tyrrell], 
xlii—xliy. 

Phricodoceras, evolution of, 264-65. 

Picrite of Ampwihi Crossing, 82. 

PipGEoNn Fund, see DANIEL-PIDGEON 
Fund. 

Pilitic biotite-vogesite of Shap dis- 
trict, 135 & pl. xiii. 

‘Pillars’ of gypsum, 177 et seqq. figs., 
187 et seqq. 

Pisolitic iron-ore, 
from (?), 112-15. 

Platyschisma Band, see Downton- 
Castle Sandstone. 

Polyzoa, see Kelestomine. ; 

Post-Longmyndian & Post-Silurian 
movements in Old Radnor district, 
22-27. 

Potter-Fell type of intermediate in- 
trusives, 126-27 & pl. xiii. 

Pre-Cambrian, &c. of Mozambique 
district, 31-98 figs. & pls. vili—xi ; 
P.-C. of Old Radnor district, 5-13 


pyrites formed 


Pre-Silurian movements in Old Rad- 
nor district, 22-238. 

PRESTWICH Medal awarded to W. B. 
- Dawkins, xliv—xlvi; list of medal- 
lists, Xxx. 

PRETYMAN, F. R., obituary of, lxiii. 

PRINGLE, J., 106. 

Progressive metamorphism, lxv et 
seqq. 

Pyrites of Trefriw, 106-15 figs. 

Pyroxenites in Mozambique, 80— bel & 
pl.-x. 


Quartz-augite-diorites, &c. of Mozam- 
bique, 71-738. 

Quartz-felspar rocks of Mozambique, 
77-79, 
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Quartz-garnet-scapolite rock, Monapo. 


Valley; 49 & pl. viii. 
Quartz-magnetite-granulite of Monapo 
R., 44 & pl. viii. 
Quartz-mica-schist of Murimatigri, 
45 & pl. viii; see also Sediment- 
eneiss. ‘ 
Quartz-veins in Mozambique Pre- 
Cambrian, 80. 


Radium - content of Mozambique 
gneisses and granites, 53, 64; see 
also Uranium-lead ratios. 

Red Crag, flaked flint from (title 
only), Vill. 

Redlake Valley (Shropshire), Ludlow 
Beds in, 239. 

REED, F. R. C., 4. 

Regional metamorphism, differentia- 
tion fr. local metamorphism depre- 
cated, Ixv et seqq. 

REID, R. L., 39, 46. 

Residues, heavy, fr. biotite-gneisses 
of Mozambique, 57; fr. crushed 
rocks & river-deposits ibid., 82-84. 

REYNOLDS, S. H., 156. 

Rhynchonella Beds (Ludlow), 225, 
226, 228, 239, 240 & pl. xix. 

Rhyolite assoc. w. Trefriw pyrites- 
deposit, 110. 

Ribawe Mountains (Mozambique), 
gneisses, &c. of, 40, 42; do. west 
of Ribawe, 41-43. 

Ricuarpson, L., 248; the Inferior 
Oolite & Contiguous Deposits of 
the Crewkerne District (Somerset), 
145-73 figs. & pls. xiv—xvi. 

Robertsbridge (Kent). gypsum in 
Subwealden Mine, 186-87 fig. 

Rotalia dubia renamed Pegidia papil- 
lata, v. 

Rusty Bed (Inf. Oolite), 153. 

Rutile-bearing rocks of Mozambique, 
47, 73-75 & pl. x. 


Sauvaag, H. E., obituary of, li. 

Scapolite-quartz rocks of Ampwihi 
Crossing, 49 & pl. viii. 

Scissum Beds in Crewkerne district, 
149-50, 170-71. 

Seaborough (Dorset), Inf. Oolite of, 
154. 

Seasonal variation in frequency of 
earthquakes, 99-105 & pl. xii. 

Seavington St. Mary, see Furzy 
Knaps. 

Sediment-gneiss of Mitikiti, 44 & 
pl. viii. 

SEWELL, J. T., 248. 


GENERAL INDEX. 305 


a4 


Shap (Westmorland), minor intru- 
sions of, 116-43 & pl. xiii (micro- 
scop. sects.). 

SHEPPARD, T. [ catalogue of maps of 
Brit. Is.], xii—xiii. 

SHERLOCK, R. L., 177; the Geology 
& Genesis of the Trefriw Pyrites- 
Deposit, 106-14 figs., 115. . 

SIBLy, T. F., 248. 

Silurian, highest of Clun- Forest 
District, 221-46 ‘figs. w. list of 
foss. & pls. xix—xx; see also Wen- 
lock, Woolhope, etc. 

Slade’s Quarry (Somerset), Inf. Oolite 

of, 164-65 & table facg. 170. 

SmreretTH, W. F., the Geology of 
Southern India, with particular 
reference to the Archean Rocks of 
the Mysore State, lxxxiii-lxxxv. 

Sm1TH, A., 248, 

SmitH, B., elected Auditor, viii; 
[explains model of ‘sop’ of iron- 
ore worked at Dalton-in-Furness |, 
lIxxxix;. the Chellaston Gypsum- 
Breccia in its Relation to the 
Gypsum - Anhydrite Deposits of 
Britain, 174-202 figs. & pls. xvii- 
xviii, 203. 

Sm1TH, H. G., 96. 

Solenopora gracilis, sp. nov., 27-28 & 
pl. vi. 

Sotuas, W. J., on a Flaked Flint 
from the Red Crag [title only], 
viii. 

Solution in relation to rock-meta- 
morphism, lxix et seqq. 

South Perrott (Dorset), Inf. Oolite 
near, 156-58 & table facg. 170. 

SPENCER, W. K., award fr. Lyell 
Fund to, 1. 

Spessartite of Shap district, 140 & 
pl. xiii; use of term, 143, 144, © 
Sphexrocodium gotlandicum, 28 & 

pl. vi. 

Sphene in granulitic norite of Mozam- 
bique, 75. 

Stamp, L. D., the Highest Silurian 
Rocks of the Clun-Forest District 
(Shropshire), 221-44 figs. w. list of 
foss. & pls. xix—xx. 

Stockwell Farm (Old Radnor), 8, 9. 

Stone’s Farm (Old Radnor), 8. 

STRAHAN, Sir AUBREY, | on magnetic. 
disturbance in relat. to geol. struc- 
ture |, xxxvi—lxxxvii. 

Stresses in relation to rock-meta- 
morphism, Ixxiii et seqq.; stress- 
minerals defined, lxxvii. 

Strinds Quarry (Old Radnor), 25, 26 
& pls. v, vii. 


306 


Strut, R. J., 96. 

Subwealden Mine (Robertsbridge), 
gypsum, &c. in, 186-87 fig. 

SWINNERTON, H. H., 248. 


Temeside Shales, 225, 226, 234-36 
fig., 237 et seqq. 

Temple Sowerby, see Penrith. 

Ten-Acres Field (South Perrott), Inf. 
Oolite of, 157-58. 

Thistle Plaster-Quarry (Cumberland), 
185-86. 

Tuomas, H. H., 106; re-elected 
Secretary, xxi; [on petrology of 
Old Radnor rocks |, 7, 8-9, 12-13. 

Tibwi, Mount (Mozambique), 46. 

TIDDEMAN, R. H., obituary of, liv— 
lvi. 

Top Limestones (Inf. Oolite) in Crew- 
kerne district, 152-53. 

Tourmalinized rocks in Mozambique, 
80. 

TRECHMANN, C. O., obituary of, 1xi. 

Trefriw (Carnarvonshire), pyrites- 
deposit of, 106-15 figs. 

TRUEMAN, A. E., the Evolution of 
the Liparoceratidz, 247-95 figs. & 
pls. xxi-xxv, 298. 

Trust Funds, statements of, xxxvi-— 
XXXViil. 

TUTCHER, J. W., 248. 

TYRRELL, J. B., Murchison Medal 
awarded to, xlii—xliv. 


Upon-Lang Quarry (Crewkerne), Inf. 
Oolite of, 160-161 & table facg. 
170. 

Upton, C., 155, 168. 

Uranium-lead ratios & correlation 
of Mozambique Pre-Cambrian, 84 
et seqq. 


Vicininodiceras simplicicosta, gen. et 
sp. nov., 289 & pl. xxiv. 

Vogesites of Shap district, 135 & 
pl. xiii. , 

‘Voleanic’ theory of formation of 
gypsum, 190; volc. ash, see Ash. 


GENERAL INDEX. 


[ vol. Ixxiv. 


Watcort, C. D., Wollaston Medal 
awarded to, xl—xlii. 

Watson, C. H., 248. 

Watts, W. W., 96. 

WAYLAND, E. J., 96. 

Weald, see Subwealden. 

Well-Spring Farm (Misterton), Inf. 
Oolite of, 158. 

Wenlock Shale in Old Radnor dis- 
trict, 19-20. 

Winwoop, H. H., 151. 

WoLuaston Medal awarded to C. D. 
Walcott, xl—xlii; W. Fund, award 
to A. KE. Kitson, xlviii; list of 
medallists, xxiv; list of recipients 
of fund, xxv. 

Woodlands (Derbyshire), alabaster, 
&e. of, 181, 182. 

Woops, H., 248; Lyell Medal 
awarded to, xlvi—xlvii. 

Woopwarp, A. S., 248; [exhibits 
radiogram of Archxopteryx|, vi-— 
vii; [receives Prestwich Medal for 
W. B. Dawkins}, xliv—xlvi. 

Woopwarp, H. P., obituary of, 
lix—lx. 

Woolhope Limestone & Shale in Old 
Radnor district, 13-19 w. chem. 
anal., list of foss., & pl. vi; see also 
Nash-Scar Limestone. 

Wray, D. A., 37, 41, 96. 


X Rays, their application to the 
determination of the interior struc- 
ture of microscopic fossils, iv—vi. 

Xenocryst, use of term, 143, 144. 


Yat Farm, Hill, & Wood (Old 
Radnor), 5 et segg.; Yat Hill, sect. 
through, 24; Y. H. Quarries, views 
of, pls. ili & iv. 

Yeovil Sands of Ham Hill, 169. 


Zeilleria anglica, 171. 

Zigzag Bed (Inf. Oolite), 152, 159, 
172. 

Zircon in Mozambique Pre-Cambrian, 
57, 85 et seqq. 

Zocecium, use of term, 219-20. 


END OF VOL. LXXIV. 


| November 25th, 1919. | 


PRINTED BY TAYLOR AND FRANCIS, RED LION COURT, FLEET STREET. 


THE 


QUARTERLY JOURNAL 


OF TIE 


GEOLOGICAL SOCIETY OF LONDON. 


EDITED BY 


THE PERMANENT SECRETARY OF THE GEOLOGICAL SOCIETY. 


Quod si cui mortalium cordi et cure sit non tantum inventis herere, atque iis uti, sed ad ulteriora 
penetrare ; atque non disputando adversarium, sed opere naturam vincere ; denique non belle et probabiliter 
opinari, sed certo et ostensive scire ; tales, tanquam veri scientiarum filii, nobis (si videbitur) se adjungant 


—Novum Organum, Prefatio. 


VOLUME THE SEVENTY-FOURTH, 


FoR 1918, 


LONDON : 
LONGMANS, GREEN, AND CO. 
PARIS: CHARLES KLINCKSIECK, 11 RUE DE LILLE. 
SOLD ALSO AT THE APARTMENTS OF THE SOCIETY, 


MCMXIX, 


List 


OF TILE 


OFFICERS 


OF TIIE 


GROLOGICAL SOCIETY ae LONDON. 


eh oie eo 


VSL VA 


sicctaie 
George William Lamplugh, F.R.S. 
Wice-Presivents, 


R. Mountford Deeley, M.Inst.C.E. Prof. William Johnson Sollas,M.A., Se.D., 
Alfred Harker, M.A., LL.D., F.R.S. LL.D., F.R.S. 

Sir Jethro J. Harris Teall, M.A, D.Sc., 

LL.D., F.R.S. 
Secretaries. 
Herbert Henry Thomas, M.A., Se.D. | Herbert Lapworth, D.Se., M.Inst.0.E. 
PForetqn Secretary. Creasurer. 

Sir Archibald Geikie, O.M., K.C.B., D.C.L., | | James Vineent Elsden, D.Sc. 


LL.D., Se.D., ERS. 


COUNCIL. | 
Charles William Andrews, D.Se., F.R.S. | Herbert Lapworth, D.Se., M.Inst.C.E. 
Francis Arthur Bather, M.A., D.Se., F.R.S. | Lt.-Col. Henry George Lyons, D.Sc.,F.R.S. 
Prof. Sir John Cadman, K. O. M.G., D.Sc., | Prof. John Edward Marr, M.A., Sc.D., 


M.Inst.C.E. | B.R.S. 
Arthur Morley Davies, D.Se., A.R.C.Se. | Richard Dixon Oldham, F.R.S. 
R. Mountford Deeley, M.Inst.C.E, | Robert Heron Rastall, M.A. 
James Vincent Elsden, D.Sc. | Prof. William Jobneon Sollas, M.A.,Se.D., 
Prof. Edmund Johnston Gar wood, M.A., | LL.D.,. F.RB.S. 
Sec.D., F.R.S. | Prof. Henry Hurd Swinnerton, D.Sc. 


Sir Archibald Geikie,O.M., K.C.B.,D.C.L., | Sir Jethro J. Harris Teall, M.A., D.Sc., 
LL.D., Sc.D., F.R.S. | LL.D., F.R.S. 

John Frederick Norman Green, B.A. | Herbert ‘Henry Thomas, M.A., Se.D. 

Alfred Harker, M.A., LL.D., F.R.S. | Samuel Hazzledine Warren, 

Finlay Lorimer Kitchin, M.A., Ph.D. | Prof. William Whitehead Watts, M.A.,, 

George William Lamplugh, F.R.S. | Se.D., LL.D., F.R.S. 


Permanent Secretary. 
L. L. Belinfante, M.Sc. 


Librartan. Clerk. 
C. P. Chatwin. M. St. John Hope. 


Assistant tn Ltbrarp. 
Arthur Greig. 


STANDING PUBLICATION COMMITTEE. 
Mr. G. W. Lamplugh, President. 


Dr. H. Lapworth, 


Dr. Herbert H. ar | Secretaries, 


Dr. F. A. Bather. | Lt.-Col. H. G. Lyons. 
Prof. Sir John Cadman. | Mr. R. D. Oldham. 
Mr. R. M. Deeley. Prof. W. J. Sollas. 


Prof. KE. J. Garwood. Mr. S. H. Warren. 
Mr. J. F. N. Green. Prof, W. W. Watts. 


Dr. J. V. Elsden. Sir Jethro Teall. 
Dr. F. L. Kitekin. 


TABLE OF CONTEN'S. 


Garwoop, Epmunp Jounston (& Miss E. GoopyEaR). On the 
Geology of the Old Radnor District, with special reference to 
an Algal Development in the Woolhope Limestone. (Plates 
| Sf tS ere ee Marre ee ces ee ee ee ee 


Hotmes, ArtHUR. The Pre-Cambrian and Associated Rocks of 
the District of Mozambique. (Plates VITI-XI) ............ 


Lana, Wiii1aAM Dickson. The Kelestominz: a Sub- Family of 
the Cretaceous Cribrimorph Polyzoa ...... Siw Dien eee RES 


Morrison, JAMES. The Shap Minor Intrusions. (Plate XIII) .. 


OnpHAM, RicHarp Drxon. A Seasonal Variation in the Fre- 
quency of Earthquakes. (Plate XJI)............... eee eee. 


Ricuarpson, Linsparyi. The Inferior Oolite and Contiguous 


2.2.8 POSS 8 6 xe SBD EP. SS (OO OF “24 BD, OU, 8 Se SO ere ae ek ee. eee Se Fe 8 er ae. 


SHERLOCK, Ropert Lionen, The Geology and Genesis of the 
TYOiiw P yrites Depot. os esa ener oi 5 el eee ser as 


SmitH, Bernarp. The Chellaston Gypsum Breccia in its Relation 
to the Gypsum-Anhydrite Deposits of Britain, (Plates X VII 
i Bah EER Ys hic 50 FEE TEER a0 PRT FEES 


Stamp, LAURENCE Dupuiey. ‘The Highest Silurian Rocks of the 


Clun-Forest District, Shropshire. (Plates XIX & XX)...... 


TRUEMAN, ARTHUR EnWAH. ‘The Evolution of the Liparoceratide. 
gigits ye. ©. tee 2. O'2 ge wrewe earn. ere et FRC SS 


a ee 


Page 


dL 


204 


116 


99 


145 


106 


247 


iv TABLE OF CONTENTS. 


3 PROCEEDINGS. 

Proceedings of the Meetings ..............cccee.cecevceuns 
Annual Report ....... ae Ss SE SE Se oe a 
Lists of Donors to the Library ... 2.0.21. cece ec ee eae ens 
List of Foreign Members .............0e00e00- naga yt en 


List of Foreign Correspondents .........6.-2ceeeeereeeees 


Diet er Wy reas Pema SS a i cc cae teuceheeses ; 


List of Murchison Medallists........ Sk a het sw <a SE 
RSGs OF 3200i. MOOR R A Ne icc sy Bas sey Cen ee 
Lists of Bigsby and Prestwich Medallists ...............06. 


Applications of the Barlow-Jameson Fund and Awards from 
the Daniel-Pidgeon Fund ............e cece ee cece eeees 


2S Se a are errr ee eee 
Awards of the Medals and Proceeds of Funds .............. 


Anniversary Address of the President ........-..-...00e eee. 


Cox, ARTHUR HusBrErt. On the Relationship between Geo- 
logical Structure and Magnetic Disturbance ............ 


Garwoop, EpmMunp Jounston. [On the Geology of the 
(Sp aa peo ir Sere ee reaee eee oe 


GREEN, JOHN FrepERicK Norman. On the Igneous Rocks 
en a a ses Sc ek oi as bow 


Hrron-AuuEen, Epwarp (& J. i. BaRNarpD). On the Appli- 
cation of X-Rays to the Determination of the Interior 
Structure of Microscopic Fossils, particularly with reference 
to the Dimorphism of the Nummulites .....,..... Visa 


Mawson, Sir Dovgras. On some Features of the Antarctic 
SS Sea Swe Sor ere er rere sere eee 


OswaLp, Fetrx. On the Nimrud Crater in Turkish Armenia . 


SmMEETH, WILLIAM FREDERICK. On the Geology of Southern 
India, with particular reference to the Archeean Rocks of 
ee pre Poe ne Por mee Shay eer ere are rare 


Page 

“i, Ixxxi 
ix 
xii 
XXxil 
XXxiil 
XX1V 
XXV1 
XXVIil 


XXX 


XXXi 
XXXIl 
xl 


hi 


IxxxvVvi 
Ixxxix 


]xxxi 


XC 


Ixxxill 


LIST OF THE FOSSILS FIGURED AND DESCRIBED 
IN THIS VOLUME. 


Name of Species. | Formation. Locality. Page 
Pouyzoa, 
Kelestoma gradatum, sp. nov., | 

. 3, ee ee eee Senonian......... |: SOR xs. 5504.08es | abo elt 
Morphasmopora brydonei, fig.) | | 

ei Rei ep tert Cretaceous ...... ? 216 

brownet, figs. 11 & : . 
SOS eee eee | Cretaceous ...... ? | 216-17 
AMMONOIDEA. 
Aigoceras equicosta, sp. nov....| Lincoln ......... 275-76 
—— dedalicosta, sp. nov.,| |, | ae 

Mh; SMI 553s os anedko een : 27 

: aff. datecosta, pl. xxiii & on ee 

Ste Sie ee ty eee ees J 273-75 
Amblycoceras brevilobatum, sp. 

noy., pl. xxiv & fig. 10 ...... | Leckhampton...| 279-80 

erescens, pl. xxiv & figs. ) ( 

ee SRE 280-82 

dissotypum, sp. nov., pl.| | | 
; xxili & fig. 10 eseeeae eeeecees \ Sinaia os ; 282 

ndrogynoceras divaricosta, 8). 

nov., pl. xxii & fig. 8......... 7 | | 278-79 
—— obtusicosta, sp. nov., pl.| }Lias............... . 

TIGR 2 ake | ) | 277 
Beaniceras spp., pl. xxiii & 

OS ee er ee Napton .....,.... 265 
Becheiceras bechei (gen. nov.), 

Oe: Fe roeseera a Dorset cscs. 287-88 
Cymbites sp., pl. xxiv. ......... Lyme Regis ...| 291 
— cheltiense, pl. xxi 

IS si rtheiccisivereiiniec £- Charlton Kings.! 271-72 

heterogenes, fig. 4 ......... | 268-69 
—— obtusinodum, sp. noy., Various ......... 
ee ae rer rer eerrre. 269 


—— pseudostriatum, sp. nov., 
ke See tT ) Drees ccccceisses 272-73 


Nal FOSSILS FIGURED AND DESCRIBND. 


Name of Species. | Formation, Locality. | Page 
AMMONOIDEA (continued). 
Liparoceras sparsicosta, sp. \ | 
HOY: pl. €x) & fig. 2 .........] ‘aes: renee 265-68 
— tiara, sp. nov., pl. xxi & 
MN oo gn py nic oda dened we | _| Gotherington...| 272 
Oistoceras alleotypum, 8p. nov., 
Oe 4g BAe + Ree EAMCONMN 56.500. 287 
—— figulinum, fig. 12 ......... “} Lins pea ad spies dy | Wattou€ 2 1/iisis. 285 
omissum, pl. xxv & fig. | 
3} Repeterns ee ere open es |e eaneOIn ccc 288-85 
Parinodiceras reineckii (gen. | | 
ae Se 5 ents nS | | 288-89 
Vicininodiceras simplicicosta, Radstock......... 
gen. et sp. nov., pl. xxiv ... / | 289 
| ALG. 
Solenopora gees sp. noy.,! Woolhope | 
Res a ee 2 ae rere i Limestone .... Old Radnor 27-28 
Spher ocodiumgotlandicum, pl. Aymestry Southern 
Wi GS. BO ons coh anne | Limeston? ... Gotland ...... 28 


EXPLANATION OF THE PLATES. 


PAGE 
(ConGLomerate at tHe Base or tne Woo nore \ 
Liaustonn, Donyuir Quarry; Vrew or OLp | 
Rapnor Hii, sHowinG LOUNDARY-FAUL'S ; 
View oF Yar Hitz, rrom tHe oLD DoLyniRr 
| Quarry, siiowina Faunr-Face; Fauit-PLane 
FORMING THE Kasrrrn Bounpary or YAT 
4 Quarry; Faurtrs at Dotynir Quarry anp} 1 
| Srrinps Quarry; Microscopic Srcrions oF 
| Catcargous ALa#®; and GxronoercaL Map oF 
| 
\ 


PLATES 


TuR OLp Rapyor Inter, illustrating the 
paper bv Prof. KE, J. Garwood & Miss FE. 
Goodyear on the Geology of the Old Radnor | 
PRMBNR OG sso Goon sxe ve vas cs os es ge } 


( Microscorg-Sections oF Pre-Camprian Rocks, \ 

| erc.; and Map or tne Rinawe Movntains | 
VITI-X14 AND THE Nrasst Basin, illustrating Dr. A. ‘ 3| 

Holmes’s paper on tha Pre-Cambrian and { 

Associated Rocks of the District of Mozam- | 


| 
\ PRB Se eres vig Se vaducs vercqeeen seen as ) 


PLATE 
(DracraM or THE Diurnal AND SEASONAL FRE- 


\ 
QUENCY OF EaritnQuakes IN [raty AND JAPAN, | 
XIT< illustrating Mr. R. D. Oldham’s paper on } 

a Seasonal Variation in the Frequency of | 
\ Harthquakes ............ wp apacie Saar eaneed RS ) 


99 


Microscore-Sxctions oF [Intrusive Rocks FROM 
XIIl gue Snap District, illustrating Mr. J. Morri- $ 116 
son’s paper on the Shap Minor Intrusions ... 


Pratrs : 
( View or Quarry At Norrn Prerrorr Manor )\ 


| House; Virw or a Porrion Of THR QUARRY AT 

| one Misrerton Linz-Works; and Virws oF | 
XIV-XVI{ tne Bia Quarry on Ham Hitt, illustrating } 145 

Mr. L. Richardson’s paper on the Inferior 

| Oolite and Contiguous Deposits of the Crew- | 

ee ere re eee eo eee ) 


Vill © EXPLANATION OF THE PLATES, 


PLATES Paar 
(Pinuar or Gypsum IN CuELLASTON ALABASTER ) 
Quarrigs; and Microscorr-Secrions oF AN- 
HYDRITE AND Gypsum FROM CockLAKEs MInNB, | 
XVII & XVITI< illustrating Mr. B. Smith’s paper on the} 174 
Chellaston Gypsum Breccia in its Relation 
tu the Gypsum-Anhydrite Deposits of 
eas Se err ee ee rye eee 


a 


View or Cagr Caraboc, sHowinG Scarp AnD Dip 
Storrs ; Exposure or 2uyYNCHONELLA BEDS AT | 
Penrre Quarry; and GRo.toaicaL Map OF THE 291 
Buckyett Disrrict, Snropsuies, illustrating 
Mr. L. D. Stamp’s paper on the Highest | 

J 


( 
| 
XIX & XX< 
| 
( Silurian Rocks of the Clun-Forest District . 


( LrpAROCERAS ; ANDROGYNOCERAS AND Recess — 
AMBLYCOCERAS AND BEANICERAS ; VICININODI- | 

XXI-XXV<{  ceras and Crmpires; and Orsziceras, illus- } 247 
| trating Dr. A. EK, Trueman’s paper on el 
\ Evolution of the Liparoceratide.................. ) 


PROCESS-BLOCKS AND OTHER ILLUSTRATIVE FIGURES 


Fia. 


Fics. 


Fic. 


Figs. 


Fig. 


VOL. LXXIV. 


2& 3. 


8-10. 


BESIDES ‘THOSE IN THE PLATES. 


Section through quarries south of the railway [Dolyhir]. 
Section through Yat Hill iij.cv. aii Wien ese wesveiyes 
Index-map of the district of Mozambique ................05 


Mount Kobe(Memba): profiles seen from the south and 
| pera a crit Paty ore rere: seta teT ues acer Teese riers 


Geological sketch-map of the Ampwihi crossing ......... : 


Section across the foregoing Map..........cccceeeeeeeeeeeneees 
Sketch-map of the Monapo district ..............cseeeeeeees 


Granite intrusion: vertical section exposed on the slope 
OF Misale: CN GEARS) i cceiees ates nae a lene Kean eet AVS 


Structures of pegmatites of irregular pipe-like habit : 
inclined sections exposed on the western slopes of 
ee gee pare So ee rd bo nn EY 


Pegmatite intrusion seen in plan across the dry bed of 
CEFW PM DEMNEE PORVOE 050 5e05 sis secs aveu ved oe eveelee ae Wei 


Sketch of the Lebi inselberge, Mbulla Range ............ 


Sketch of the Koldwi inselberge, north of the Mtupa 
Pete Sn eT Re ie 


Map and section, on identical scales, of the Trefriw 
PY PICES CO POR ci ssessieces ese pan swcaien ee ea 


PaGe 
ot 


x PROCESS-BLOCKS AND OTHER ILLUSTRATIVE FIGURES, 


Fia. 3 


bo 


Fries. 4 & 5, 


Fig. 6. 


Map of the Crewkerne district, showing the localities 
wlhiere exposures of Inferior Oolite are observed ...... 


Sequence of Inferior-Oolite deposits at Conegar Hill, 
PANGAN sca Sat neon sxeaen pow ha a nevcus eoesaa gens 


Topographical map of the neighbourhood of Chellaston, 
showing the localities where alabaster, etc. has been 
Fg SR ene Rr eee rey eer Ene eee ee 


Mode of occurrence of alabaster pillars at Chellaston ... 
Diagram of a typical pillar at Chellaston ...............065 


Masses of white alabaster, with adherent green ‘ cap,’ in 
POG Mim NGOr. TIO AAO soo sn is ohn isch ccsdesccccccsecsncsce 


Diagrammatic section showing the structure of the 
gypsum at Kirkby Thore Quarry......... igccesenecaaiasate 


Pillar of white gypsum in the Subwealden Mine ......... 


Section showing the occurrence of ‘hard stone’ (an- 
Sapp nae AE NB 25S Odea Tce ctncvenss 


Diagram of a hypothetical Primitive Pelmatoporid ...... 
Diagram of a hypothetical Primitive Kelestomine ...... 


Diagram of an cvium and portions of six others to show 
how secondary tissue arises in the intereecial valleys... 


Diagrams representing further development of secondary 
tissue in the intercecial valleys ..........cccsccesseeeseseeees 


Diagram of the distal eud of the cecium of a Pelmato- 
MMU viinccitsshatnnesias nnn toedesuk Sehied sieendepbamse ss <saxiedize 


Diagram of the distal end of an ccium of a hypothetical 
2 TRARY NWO I MONE TID sx5N Shins nn FAkK sia «ss ansdsonsnaeans 


Diagram of Kelestoma gradatum, Sp. NOV. ........eceeeeees 


Diagram of the distal end of the cecium of a hypothetical 
PFLNitive MOrpRasMopora .......crcverccvercyesersrsseccesses 


Diagrain of an ecium of Morphasmopora brydonei ...... 


Diagram of an cecium of Morphasmopora jukes-brownei... 


Diagram of ancestrecium of Morphasmopora jukes- 
RE ALS. SE ST OC EES TED SET ET ROBES Si 


Temeside Shales in the old quarry north-north-west of 
Se NON 5s ncn oo xdedis y's 3 0+s-0kaan Kaapeee eeeaaee 


PAGE 


146 


153 


Fic, 


PROCESS- BLOCKS AND OLHER ILLUSTRATIVE FIGURES, 


1. Outline sutures of the principal Liparoceratid genera ... 


2.  Sutural development of Liparoceras sparsicosta ............ 
3. Sutures of Beaniceras spp. ...+eeeeeeeseees ene eee 
4. . Sutures of Lipereterat epp.....0ic 5.8.0 tama 
5.  Sutural development of Aigoceras late@costd .ecseceecseeree 
6. Suture of Aigocenas ap. oi sscc. ese vs cissenss setetag ss ee veed es 
7. Suture of Androgynoceras GbtUsicOstd ...cecccceeeecseceseeues 
8.  Sutural development of Androgynoceras dinaricosta ...... 
Sutural development of Amblycoceras cresvens — ........+4. 

10, Sutures of Amblycoceras spp. .....+.405- seceeisat iukpnageeis 
Jl.  Sutural development of Odstoceras oitsstiic.........sseeee ees 
12. Oistoceras alleotypum and O, figulinwi .o.cccccccccscreceees 
13. Sutural development of Bechetceras bechei ........eseeeeveee 


Dates of Issue of the Quarterly Journal for 1918. 


No. 293 —May 6th, 1919. 

No. 294—July 9th, 1919. 

No. 295—September 5th, 1919. 
No. 296 —November 25th, 1919. — 


ADMISSION AND PRIVILEGES 


OF 


FELLOWS OF THE GEOLOGICAL SOCIETY OF LONDON, 


~ 


Every Candidate for admission as a Fellow must be proposed by three or more Fellows. 
who must sign a Certificate in his favour. The Proposer whose name stands first upou 
the Certificate must have a personal knowledge of the Candidate. 


Fellows on election pay an Admission Fee of Six Guineas. The Annual Contribu- 
tion paid by Fellows is Three Guineas, due on the Ist of January in every year, and 
payable in advance; but Fellows elected in November or December pay no Contribu- 
tion for the current year. The Annual Contribution may, at any time, be compounded 
for by a payment of Fifty-two Pounds Ten Shillings. 


The Fellows are entitled to receive gratuitously all the volumes or parts of volumes 
of the Quarterly Journal of the Society that may be published after their election. 
so long as their Annual Contributions are paid; and they may purchase any of the 
publications of the Society at a reduction of 25 per cent. under the selling-prices. - 


The Library is open on Week Days to the Fellows between the hours of 10 
and 5 (except on Saturdays, when the hours are from 10 to 1, and except 
during the fortnight commencing on the first Monday in September, 
see also next page). Under certain restrictions, Fellows are allowed to borrow 
books from the Library. 


Publications to be had of the Geological Society, 
Burlington House. 


QUARTERLY JOURNAL (Vols. III to LXXIV, inclusive). Price to Fellows, 
£1 Os. Od. each: £1 5s. Od. in cloth. Separate parts (2,5, 7, & 273 are out of print) 
7s. 6d. each: price to Fellows 5s, [ Postage 4d. | 


GENERAL INDEX TO THE FIRST FIFTY VOLUMES OF THE 
QUARTERLY JOURNAL (1845-1894). Part I (A-La). Part II (La-Z). 
Price 7s. 6d. each. To Fellows 5s. each. [Postage 4d. | 


GEOLOGICAL LITERATURE added to the Geological Society’s Library 
during the years ended December 31st, 1894-1912. Price5s.each. To Fellows, 3s. 9d. 
each. [Postage 4d.] (Nos. 8 & 14 are out of print.) 


THE HISTORY OF THE GEOLOGICAL SOCIETY OF LONDON. 
H. B. Woopwarp, F.R.S. Price 7s. 6d. To Fellows, 6s. [Postage 6d.} 


THE CENTENARY OF THE GEOLOGICAL SOCIETY OF 
LONDON , recorded by W, W. Warts, F.R.S. Price 2s. net. [Postage 4d.] 


HUTTON’S ‘THEORY OF THE EARTH,’ Vol. III, edited by Sir 
ARCHIBALD GEIKIE, D.C.L., F.R.S. Price 3s. 6d. To Fellows, 2s. [Postage 5d.] 


THE GEOLOGY OF NEW ZEALAND. Translated by. Dr. Ge fF; 
FiscHER from the works of MM. HocusteTtTerR & PETERMANN. With an Atlas of 


Six Maps. Fellows may purchase one Copy of this Book at 2s. Additional Copies 
will be charged 4s. [Postage 6d. ] 


CONTENTS, 


PAPER READ. 
Page 


10. Dr. A. E. Trueman on the Evolution of the Liparoceratidz (Plates XXI-— 
MNS tcl IUGR ee LESS Fig oj gy aos <a SES Cetin edna og OO GS 247 


{The Editor of the Quarterly Journal is directed to make it known to the Public. 
that the Authors alone are responsible for the facts and opinions 


contained in their respective Papers.] 


*,* The Council request that all communications intended for publication by the 
Society shall be clearly and legibly written on one side of the paper only, with 
proper references, and in all respects in fit condition for being 
at once placed in the Printer’s hands. Unless this is done, it will be in 
the discretion of the Officers to return the communication to the Author for revision. 


‘The Library at the Apartments of the Society is open every Week Day from Ten 
o’clock until Five, except on Saturdays (when the hours are from 10 to 1), and 
except during the fortnight commencing on the first Monday in September, 
when the Library is closed for the purpose of cleaning 


The Secretaries cf the Society are desirous of completing a record 
of the services rendered by the Fellows in connexion with the War. 
Details of service, with a statement of rank, regiment, military 
_ honours, and any other information, will be gladly received from 


Fellows, either with reference to themselves or to those known to them. 


’ 


